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PREFACE 


This  suimaary  report  covers  work  performed  during  the 
period  from  1 March  1975  to  30  June  1977  under  Air  Force  Con- 
tract P33615-75-C-5085.  The  contract  was  initiated  under  Project 
Number  7381,  "Materials  implication**.  The  work  was  administered 
under  the  direction  of  the  Sirstems  Support  Division  of  the 
Air  Force  Materials  Laboratory,  Wright-Patterson  Air  Force  Base, 
Ohio.  Mr.  David  Watson  (AFML/MXA)  acted  as  Project  Engineer. 

This  work  was  conducted  under  the  general  supervision  of 
Mr.  D.  Gerdemaui,  Project  Supervisor.  The  Principal  Investigator 
for  this  program  was  D.  Robert  Askins.  Research  Techniciauns  who 
made  major  contributions  to  the  program  include:  R.  J.  Kuhbcinder, 
F.  Tittl,  D.  Maxwell,  R.  Glett,  J.  Graham,  J.  Conner,  T.  Green, 

D.  Klosterman,  and  D.  McCullvun. 

This  report  was  submitted  by  the  authors  in  September 
1977.  The  contractor's  report  number  is  UDRl-TR-77-37 . 


TABLE  OF  CONTENTS 


SECTION  PA(SE 

1 INTRODUCTION  1 

2 SELECTION  OF  MATERIALS  2 

3 TEST  PROGRAM  AND  PROCEDURES  6 

3.1  PREPREG  PHYSICAL  PROPERTY  CHARACTERIZATION  6 

3.2  LAMINATE  PROCESSING  AND  SPECIMEN 

FABRICATION  8 

3.3  LAMINATE  PHYSICAL  PROPERTY  CHARACTERIZATION  8 

3.3.1  Specific  Gravity  9 

3.3.2  Resin  Content  5 

3.3.3  Fiber  Content  ii 

3.3.4  Void  Content  11 

3.4  SPECIMEN  CONDITIONING  13 

3.5  LAMINATE  MECHANICAL  AND  THERMOPHYSICAL 

PROPERTY  CHARACTERIZATION  18 

3.5.1  Tension  23 

3.5.2  Con^jression  25 

3.5.3  Flexure  29 

3.5.4  Inplane  Shear  29 

3.5.5  Interlaminar  Shear  32 

3.5.6  Tensile  Fatigue  35 

3.5.7  Tensile  Creep  39 

3.5.8  Tensile  Stress  Rupture  44 

3.5.9  Specific  Heat  44 

3.5.10  Coefficient  of  Thermal  Expansion  45 

3.5.11  Thermal  Conductivity  45 

3.5.12  Glass  Transition  Temperature  46 

4 SUMMARIZED  COMPOSITE  DATA  47 

4.1  SP313  48 

4.2  AS/3004  86 

4.3  AS/4397  125 

4.4  T300/F178  163 

4.5  COMPARATIVE  ENVIRONMENTAL  BEHAVIOR  194 

5 CONCLUSIONS  197 

REFERENCES  199 

APPENDICES 

A PREPREG  QUALITY  CONTROL  TEST  SPECIFICATIONS  AND 

TEST  RESULTS  200 


B LAMINATE  PHYSICAL  PROPERTY  DATA 


V 


TABLE  OF  jCoacludeil) 


SECTION  PA<SB 

APPENDICES  (Concluded) 


c 

TENSION  DATA 

235 

D 

COMPRESSION  DATA 

251 

E 

FLEXURE  DATA 

260 

F 

INPLANE  SHEAR  DATA 

270 

G 

INTERLAMINAR  SHEAR  DATA 

277 

B 

FATIGUE  DATA 

283 

I 

CREEP  AND  STRESS  RUPTURE  DATA 

315 

v7 

THERMAL  EXPANSION  DATA 

418 

K 

SPECIFIC  HEAT  DATA 

425 

L 

THERMAL  CONDUCTIVITY  DATA 

432 

M 

GLASS- TRANSITION  TEMPERATURE  DATA 

438 

N 

HUMIDITY  AGED  TENSION  DATA 

440 

0 

HUMIDITY  AGED  INPLANE  SHEAR  DATA 

448 

P 

HUMIDITY  AGED  INTERLAMINAR  SHEAR  DATA 

452 

LIST  OF  ILLOSTSATIOSS 

FIGURE  PJUSE 

1 Typical  Cross  Sections  of  Fabricated  Coiaposites  12 

2 Heat~Op  and  Dry-Out  Behavior  of  Saturated 

AS/3004  Composite  Laminates  16 

3 IITRI  Straight-^ ided  Tensile  Specimen  24 

4 Celanese  Compression  Coupon  Speciii»n  and 

Disassembled  Compression  Fixture  26 

5 Celanese  Coa^ression  Fixture  27 

6 Compressive  Load-Strain  Curve  for  Specimen 

Exhibiting  Buckling  Prior  to  Failure  30 

7 Appearance  of  Failed  Compressive  Specimen 

Which  Buckled  31 

8 Double  Rail  Shear  Specimen  and  Fully 

Assembled  Test  Fixture  33 

9 Schematic  Illustration  of  Rail  Shear  Specimen 

and  Fixture  34 

10  Fatigue  Specimen  Mounted  in  Instron  Grips  and 

Environmental  Cabinet  37 

11  Location  of  Temperature  Controlling  and 

Monitoring  Thermocouples  on  Fatigue  Specirren  37 

12  Short  Tube-Fumace  Used  in  450 “F  Fatigue  Tests  on 

0®  Fiber  Orientation  and  in  Elevated  Temperature 
Creep  Tests  37 

13  Typical  Temperature  Profile  of  Four-Inch  Tube 

Furnaces  38 

14  Wedge-Type  Jaw  Grips  Used  in  Creep  Tests  40 

15  Pin-Type  Grips  Used  in  Creep  Tests  40 

16  Strain  Indicator  and  Switch-and-Balance  Unit 

Used  for  Strain  ^feasurements  During  Creep  Tests  42 

17  Compensating  Gage  for  Thermal  Expansion  Compen- 
sation During  Creep  Tests  42 

18  Stacking  Arrangement  for  Testing  Three  Creep 

Specin^ns  Simultaneously  43 


vii 


LIST  OF  ILLOSTRATIOKS  (Continued) 

FIGURE  PAGE 

19  Tensile  Stress-Strain  Curves  for  Unidirectional 

SP313  Composite  Laminates:  0*  F'^’^er  Orientation  53 

20  Ttensile  Stress-Strain  Ctirves  for  Unidirectional 

SP313  Con^site  Laminates:  90“  Fiber  Orientation  54 

21  Tensile  Stress-Strain  Curves  for  Bidirectional 

SP313  Con^site  Iiaminates:  +45“  Fiber  Orientation  56 

22  Compressive  Stress-Strain  Curves  for  Unidirectional 

SP313  Composite  Laminates;  0“  Fiber  Orientation  58 

23  Conpressive  Stress-Strain  Curves  for  Unidirectional 

SP313  Con^site  Laminates:  90“  Fiber  Orientation  59 

24  Inplane  Shear  Stress-Strain  Curves  for  SP313 

Composite  Laminates  62 

25  Inplane  Shear  Stress-Strain  Ciirves  for  SP313 
Composite  Laminates  from  +45“  Tensile  Coupon  and 
Double  Rail  Shear  Panels  of  0“,  90“ , 0“/90“,  and 

+45"  Fiber  Orientations  at  72 “F  64 

26  Tensile-Tensile  Fatigue  Behavior  of  Unidirectional 

SP313  Con^osite  Laminates  at  -67“P;  0“  Fiber 
Orientation,  R=s0.10,  30  Hz  66 

27  Tensile-Tensile  Fatigue  Behavior  of  Unidirectional 

SP313  Con^KDsite  Laminates  at  72“F:  0“  Fiber 
Orientation,  R=0.10,  30  Hz  67 

28  Tensile-Tensile  Fatigue  Behavior  of  Unidirectional 

SP313  Composite  Laminates  at  260 “F:  0“  Fiber 
Orientation,  R==0.10,  30  Hz  68 

29  Tensile-Tensile  Fatigue  Behavior  of  Unidirectional 

SP313  Con^KJsite  Laminates  at  350 “F:  0“  Fiber 
Orientation,  R=0.10,  30  Hz  69 

30  Tensile-Tensile  Fatigue  Behavior  of  Unidirectional 

SP313  Composite  Laminates  at  -67“F:  90“  Fiber 
Orientation,  R=0.10,  30  Hz  70 

31  Tensile-Tensile  Fatigue  Behavior  of  Unidirectional 

SP313  Composite  Laminates  at  72®F;  90®  Fiber 
Orientation,  R=0-10,  30  Hz 


71 


LIST  OF  ILLUSTRlilMOSS  {Continued) 

FIGOEE  PAGE 

32  Tensile-Tensile  Fatigue  Behavior  of  Onidirectionai 

SP3i3  Coinposite  Laminates  at  260 '^F;  90®  Fiber 
Orientation,  R*0.10,  30  Hz  72 

33  Tensile -Tensile  Fatigue  Behavior  of  Onidirectionai 

SP313  Composite  Laminates  at  350“Pi  90®  Fiber 
Orientation,  R«0.10,  30  Hz  73 

34  Tensile-Tensile  Fatigue  Behavior  of  Bidirectional 

SP313  Composite  Latsiinates:  +45“  Fiber  Orientation, 
R*0.10,  30  Hz  74 

35  Tensile  Creep  Behavior  of  Unidirectional  SP313 

Composite  Laminates:  0®  Fiber  Orientation  76 

36  Tensile  Creep  Behavior  of  Unidirectional  SP3i3 

Con^site  Laminates:  90“  Fiber  Orientation  77 

37  Tensile  Creep  Behavior  of  Bidirectional  SP313 

Composite  Laminates:  +45“  Fiber  Orientation  78 

38  Tensile  Stress-Strain  Curves  for  Unidirectional 
SP3i3  Composite  Laminates  After  Humidity  Aging 

at  160“F  and  100%  R.H.:  90“  Fiber  Orientation  82 

39  Tensile  Stress-Strain  Curves  for  Bidirectional 
SP313  Con^osite  Laminates  After  Humidity  Aging 

at  160*F  and  100%  R.H.:  +45®  Fiber  Orientation  83 

40  Inplane  Shear  Stress-Strain  Curves  for  SP313 
Composite  Laminates  After  Humidity  Aging  at 

160“F  and  100%  R.H.  85 

41  Tensile  Stress-Strain  Curves  for  Onidirectionai 
AS/3004  Composite  Laminates:  0“  Fiber  Orientation  91 

42  Tensile  Stress-Strain  Curves  for  Unidirectional 
AS/3004  Composite  Laminates:  90“  Fiber  Orientation  92 

43  Tensile  Stress-Strain  Curves  for  Bidirectional 

AS/3004  Composite  Laminates:  +45®  Fiber 
Orientation  94 

44  compressive  Stress-Strain  Curves  for  Unidirectional 
AS/3004  Composite  Laminates:  0“  Fiber  Orientation  96 

45  Compressive  Stress-Strain  Curves  for  Unidirectional 
AS/3004  Composite  Laminates:  90®  Fiber  Orientation  97 


IX 


LIST  OF  ILLUSTRATIONS  (Continued} 


FIGURE 

PAGE 

46 

Inplane  Shear  Stress-Strain  Curves  for  AS/3004 
Cosmos  ite  Lastinates 

100 

47 

Tensile-Tensile  Fatigue  Behavior  of  Unidirectional 
as/3004  Composite  Laminates  at  -67®F:  0®  Fiber 
Orientation / R*0.10,  30  Hz 

102 

48 

Tensile-Tensile  Fatigue  Behavior  of  Unidirectional 
AS/3004  Con5>osite  Laminates  at  72 *P:  0*  Fiber 
Orientation/  Rr'0.10,  30  Hz 

103 

49 

Tensile-Tensile  Fatigue  Behavior  of  Unidirectional 
AS/3Q04  Cos^site  Laminates  at  180 ®F:  0®  Fiber 
Orientation,  R^O.lO,  30  Hz 

104 

50 

Tensile-Tensile  Fatigue  Behavior  of  Unidirectional 
AS/3004  Con^osite  Laminates  at  250*F:  0®  Fiber 
Orientation,  R=0.10,  30  Hz 

105 

51 

Tensile-Tensile  Fatigue  Behavior  of  unidirectional 
AS/3004  Con^osite  Laminates  at  -67®F:  90®  Fiber 
Orientation,  R=0.10,  30  Hz 

106 

52 

Tensile-Tensile  Fatigue  Beha* ior  of  Unidirectional 
AS/3004  Composite  Laminates  at  72 ®F:  90*  Fiber 
Orientation,  R=0.10,  30  Hz 

107 

53 

Tensile-Tensile  Fatigue  Behavior  of  Unidirectional 
AS/3004  Composite  Laminates  at  180®P:  90"  Fiber 
Orientation,  R=0.10,  30  Hz 

108 

54 

Tensile-Tensile  Fatigue  Behavior  of  Unidirectional 
AS/3004  Con^osite  Laminates  at  250 ®F:  90®  Fiber 
Orientation,  R=0.10,  30  Hz 

109 

55 

Tensile-Tensile  Fatigue  Behavior  of  Bidirectional 
AS/3004  Composite  Laminates  at  -67 ®F:  +45®  Fiber 
Orientation , R®0 - 10 , 30  Hz 

110 

56 

Tensile-Tensile  Fatigue  Behavior  of  Bidirectional 
AS/3004  Con^site  Laminates  at  72®F:  +45®  Fiber 
Orientation,  R=0.10,  30  Hz 

111 

57 

Tensile-Tensile  Fatigue  Behavior  of  Bidirectional 
AS/3004  Composite  Laminates  at  180 ®F;  +45®  Fiber 
Orientation,  R=0.10,  30  Hz 

112 

58 

Tensile-Tensile  Fatigue  Behavior  of  Bidirectional 
AS/3004  Composite  Laminates  at  250®F;  +45®  Fiber 
Orientation,  R^O.IO,  30  Hz 

113 

X 


UST  QP  ILLOSfBM'lOSS  (Continued) 

FIGURE  PAGE 

59  Tensile  Creep  Behavior  of  Unidirectional  AS/3004 

Composite  Laminates:  0®  Fiber  Orientation  115 

60  Tensile  Creep  Behavior  of  Unidirectional  AS/3004 

Composite  Laminates:  90®  Fiber  Orientation  116 

61  Tensile  Creep  Behavior  of  Bidirectional  J^/3004 

Composite  Laminates:  +45®  Fiber  Orientation  117 

62  Tensile  Stress-Strain  Curves  for  Unidirectional 
AS/3004  Composite  Laminates  After  Huieaidity  Aging: 

90®  Fiber  Orientation  121 

63  Itensile  Stress-Strain  Curves  for  Bidirectional 
AS/3004  Composite  Laminates  After  Humidity  Aging: 

+45®  Fiber  Orientation  122 

64  Inplane  Shear  Stress-Strain  Curves  for  AS/3004 

Composite  Laminates  After  Humidity  Aging  124 

65  Tensile  Stress-Strain  Curves  for  Unidirectional 

AS/4397  Coiiposite  Laminates:  0®  Fiber  Orientation  130 

66  Tensile  Stress-Strain  Curves  for  Unidirectional 

AS/4397  Composite  Laminates:  90®  Fil^r  Orientation  131 

67  Tensile  Stress-Strain  Curves  for  Bidirectional 

AS/4397  Composite  Laminates:  +^5®  Fiber  Orientation  133 

68  Con?>ressive  Stress-Strain  Curves  for  Unidirectional 

AS/4397  Composite  Laminates:  0"  Fiber  Orientation  135 

69  Compressive  Stress-Strain  Curves  for  Unidirectional 

AS/4397  Composite  Laminates:  90®  Fiber  Orientation  136 

70  Inplane  Shear  Stress-Strain  Curves  for  AS/4397 

Conposite  Lciiainates  139 

71  Tensile-Tensile  Fatigue  Behavior  of  Unidirectional 

AS/4397  Composite  Laminates  at  -67®F;  0®  Fiber 
Orientation,  R=0.10,  30  Hz  141 

72  Tensile-Tensile  Fatigue  Behavior  of  Unidirectional 

AS/4397  Composite  Laminates  at  72 ®F;  0®  Fiber 
Orientation,  R=0.10,  30  Hz  142 

73  Tensile-Tensile  Fatigue  Behavior  of  Unidirectional 
AS/4397  Composite  Laminates  at  350®F;  0®  Fiber 
Orientation,  R=0.10,  30  Hz 


143 


LIST  OF  ILLUSTRATIONS  (Continued) 


FIGURE  PAGE 

74  Tensile-Tensile  Fatigue  Behavior  of  Unidirectional 

as/4397  Composite  Laminates  at  450‘*F:  0®  Fiber 
Orientation,  R=0.10,  30  Hz  144 

75  Tensile-Tensile  Fatigue  Behavior  of  Unidirectional 

AS/4397  Composite  Laminates  at  “67®F:  90®  Fiber 
Orientation,  R=“0.10,  30  Hz  145 

76  Tensile-Tensile  Fatigue  Behavior  of  Unidirectional 

AS/4397  Composite  Laminates  at  72®F:  90*  Fiber 
Orientation,  R^O.IO,  30  Hz  146 

77  Tensile-Tensile  Fatigue  Behavior  of  Unidirectional 

AS/4397  Composite  Laminates  at  350“F:  90®  Fiber 
Orientation,  R=0.10,  30  Hz  147 

7S  Tensile-Tensile  Fatigue  Behavior  of  Unidirectional 

AS/4397  Composite  Laminates  at  4S0*F:  90®  Fiber 
Orientation,  R^O.IO,  30  Hz  148 

79  Tensile-Tensile  Fatigue  Behavior  of  Bidirectional 

AS/4397  Composite  Laminates  at  -67®F;  +45®  Fiber 
Orientation,  R=0.10,  30  Hz  149 

80  Tensile-Tensile  Fatigue  Behavior  of  Bidirectional 

AS/4397  Coirposite  Laminates  at  72®F:  +45®  Fiber 
Orientation,  R==0.10,  30  IIz  150 

81  Tensile-Tensile  Fatigue  Behavior  of  Bidirectional 

AS/4397  Composite  Laminates  at  350°F:  +45®  Fiber 
Orientation,  R“0.10,  30  Hz  151 

82  Tensile-Tensile  Fatigue  Behavior  of  Bidirectional 

AS/4397  Composite  Laminates  at  450®F:  +45°  Fiber 
Orientation,  R=0.10f  30  Hz  152 

83  Tensile  Creep  Behavior  of  Unidirectional  AS/4397 

Composite  Laminates:  0®  Fiber  Orientation  154 

84  Tensile  Creep  Behavior  of  Unidirectional  AS/4397 

Composite  Laminates:  90°  Fiber  Orientation  155 

85  Tensile  Creep  Behavior  of  Bidirectional  AS/4397 

Composite  Laminates:  +45°  Fiber  Orientation  156 

86  Tensile  Stress-Strain  for  AS/4397  Composite 
Laminates  After  Humidity  Aging  at  160 °F  and  100% 

R.H.;  90°  Fiber  Orientation  160 


xii 


LIST  OP  ILLUSTRATIONS  (Continued) 

TOURS 

87  Tensile  and  Inplane  Shear  Stress-Strain  Curves  for 
AS/4397  Composite  Laminates  After  Humidity  Aging 
at  leo^F  and  100%  R.H. 

88  Tensile  Stress-Strain  Curves  for  Unidirectional 
T300/F178  Composite  Laminates:  0*  Fiber  Orientation 

89  Tensile  Stress-Strain  Curves  for  Unidirectional 
T300/F178  Composite  Laminates:  90*  Fiber 
Orientation 

90  Tensile  Stress-Strain  Curves  for  Bidirectional 
T300/P178  Composite  Laminates;  +45*  Fiber 
Orientation 

91  Compressive  Stress-Strain  Curves  for  Unidirectional 
T300/F178  Composite  Laminates:  0®  Fiber  Orientation 

92  Inplane  Shear  Stress-Strain  Curves  for  T300/Fi78 
Composite  Laminates 


93  Tensile-Tensile  Fatigue  Behavior  of  Unidirectional 
T300/F178  Composite  Laminates  at  72®F;  0“  Fiber 
Orientation/  R=0.10/  30  Hz 

94  Tensile-Tensile  Fatigue  Behavior  of  Unidirectional 
T300/F178  Composite  Laminates  at  350 ®P:  0“  Fiber 
Orientation,  R*0.10/  30  Hz 

95  Tensile-Tensile  Fatigue  Behavior  of  Unidirectional 
T300/F178  Composite  Laminates  at  450®F:  0®  Fiber 
Orientation,  R=0.10,  30  Hz 

96  Tensile-Tensile  Fatigue  Behavior  of  Unidirectional 
T300/F178  Composite  Laminates  at  72 ®F;  90®  Fiber 
Orientation,  R=0.10,  30  Hz 


FAGS 

162 

167 

168 

170 

172 

175 

177 

178 

179 

130 

181 

182 

183 


xiii 


LIST  OP  ILLUSTRATIONS  (Concluded) 

FIGURE  PAGE 

100  Tensile-Tensile  Fatigue  Behavior  of  Bidirectional 

T300/F178  Composite  Laminates  at  SSO^P:  +45°  Fiber 
Orientation,  R=0.10,  30  Hz  184 

101  Tensile-Tensile  Fatigue  Behavior  of  Bidirectional 

T300/F178  Composite  Laminates  at  450°F:  +45°  Fiber 
Orientation , R=0.10,  30  Hz  185 

102  Tensile  Creep  Behavior  of  Unidirectional  T300/F178 

Con^osite  Laminates:  0°  Fiber  Orientation  187 

103  Tensile  Creep  Behavior  of  Unidirectional  T300/F178 

Composite  Laminates:  90“  Fiber  Orientation  188 

104  Tensile  Creep  Behavior  of  Bidirectional  T300/F178 

Composite  Laminates:  +45°  Fiber  Orientation  189 

105  Tensile  Stress- Strain  Curves  for  Unidirectional 
T300/F178  Composite  Laminates  After  Htimidity  Aging 

at  160°F  and  100%  R.H.:  90°  Fiber  Orientation  193 

1C6  Comparative  90°  Tensile  Strength  Retention  of 
Composite  Laminates  After  Aging  at  160°F  and 
100%  R.H.  195 

107  Comparative  Interlaminar  Shear  Strength  Ret^‘'‘.tion 

After  Humidity  Aging  196 


xiv 


LIST  OF  TABLES 


TABLE  PAGE 

1 Preliminary  Candidate  Materials  ^ 

2 Prepreg  Physical  Property  Test  Specifications 

3 Laminate  Physical  Property  Test  Procedures  10 

4 Comparison  of  the  Effects  of  Test  Oven  Soak  Times 

Upon  Retained  Interlaminar  Shear  Strength  of 
Saturated  T300/F178  Composite  Laminates  17 

5 Static  Mechanical  Property  Test  Matrix  19 

6 Dynamic  and  Time  Dependent  Mechanical  Property 

Test  Matrix  20 

7 Thermophysical  Property  Test  Matrix  21 

8 Test  Matrix  for  Static  Mechanical  Property  Tests 

After  Elevated  Text^erature , High  Humidity  Agings  22 

9 Processing  Data  for  SP313  System  50 

10  Prepreg  and  Composite  Physical  Properties :SP 31 3 51 

11  Tensile  Properties  of  SP313  Conposite  Laminates  52 

12  Tensile  Properties  of  SP313  Composite  Laminates  55 

13  Compressive  Properties  of  SP313  Composite  Laminates  57 

14  Flexure  Properties  of  SP313  Composite  Laminates  60 

15  Shear  Properties  of  SP313  Composite  Laminates  61 

16  Inplane  Shear  Properties  of  SP313  Composite 

Laminates  63 

17  Fatigue  Properties  of  SP313  Composite  Laminates  65 

18  Creep  Properties  of  SP313  Composite  Laminates  75 

19  Stress  Rupture  Properties  of  SP313  Composite 

Laminates  79 

20  Thermophysical  Properties  of  SP313  Composite 

Laminates  80 


XV 


j 


1 

LIST  OF  TABLES  (Continued) 

1 

TABLE 

'■i 

PAGE  I 

1 

21 

Tensile  Properties  of  SP313  Coaposite  Laminates 
After  Humidity  Aging 

A 

81  j 

22 

Shear  Properties  of  SP313  Composite  Laminates 

After  Humidity  Aging 

84  j 

23 

Processing  Data  for  AS/ 30 04  System 

1 

88  1 

1 24 

Prepreg  and  Composite  Physical  Properties  :AS/3004 

89  j 

! 25 

j 

Tensile  Properties  of  AS/3004  Composite 

Laminates 

90  i 

26 

j 

Tensile  Properties  of  AS/3004  Composite 

Laminates 

1 

93  1 

1 27 

Compressive  Properties  of  AS/3004  Composite 
Laminates 

1 

95  j 

1 

Flexural  Properties  of  AS/3004  Coir^osite 

Laminates 

i 

92  5 

29 

Shear  Properties  of  AS/3004  Composite  Laminates 

99  i 

1 30 

Fatigue  Properties  of  AS/3004  Composite  Laminates 

101  1 

1 31 

Creep  Properties  of  AS/3004  Composite  l^aminates 

114  i 

1 32 

1 

s 

Stress  Rupture  Properties  of  AS/ 300 4 Composite 
Laminates 

118 

i 

i 33 

Thermophysical  Properties  of  AS/3004  Composite 
Laminates 

119 

34 

Tensile  Properties  of  AS/3004  composite  Laminates 
After  Humidity  Aging 

120 

35 

Shear  Properties  of  AS/3004  Composite  Laminates 
After  Humidity  Aging 

123 

i 36 

j 

Processing  Conditions  for  AS/4397  Composite 
Laminates 

127 

\ 3"^ 

/ 

Prepreg  and  Composite  Physical  Properties : AS/4 397 

128 

i 38 

1 

Tensile  Properties  of  AS/4397  Composite  Laminates 

129 

39 

Tensile  Properties  of  AS/4397  Composite  Laminates 

132 

5 

xvi 

TABLE 


PAG] 


LIST  OF  TABLES  {Goncluded) 


40  Compressive  Properties  of  AS/4397  Composite 

Laminates  134 

41  Flexural  Properties  of  AS/4397  Coit^Josite  Laminates  137 

42  Shear  Properties  of  AS/4397  Composite  Laminates  138 

43  Fatigue  Properties  of  AS/4397  Composite  Laminates  140 

44  Creep  Properties  of  AS/4397  Composite  Laminates  153 

45  Stress  Rupture  Properties  of  AS/4397  Composite 

Laminates  157 

46  Thermophysical  Properties  of  AS/4397  Composite 

Laminates  156 

47  Tensile  Properties  of  AS/4397  Composite  Laminates 

After  Humidity  Aging  159 

48  Shear  Properties  of  AS/4397  Composite  Laminates 

After  Humidity  Aging  161 

49  Processing  Conditions  for  T300/F178  Composite 

Laminates  164 


50  Prepreg  and  Composite  Physical  Properties ;T300/P178  165 

51  Tensile  Properties  of  T300/F178  Composite  Laminates  166 

52  Tensile  Properties  of  T300/P178  Composite  Laminates  169 

53  Compressive  Properties  of  P178  Composite  Laminates  171 


54  Flexural  Properties  of  P178  Composite  Laminates  173 

55  Shear  Properties  of  T300/F178  Composite  Laminates  174 

56  Fatigue  Properties  of  T300/F178  Composite  Laminates  176 

57  Creep  Properties  of  T300/F178  Composite  Laminates  186 

58  Stress  Rupture  Properties  of  T300/F178  Composite 

Laminates  190 

59  Thermophysical  Properties  of  F178  Composite 

Laminates  191 


60 


Tensile  and  Shear  Properties  of  T300/F178  Composite 
Laminates  After  Humidity  Aging 


192 


‘St:^ 


SECTION  I 
INTRODUCTION 

Fiber  reinforced  coiopositc  materials  have  been  used  in  Aero- 
space structures  for  many  years.  The  use  of  these  materials  is 
continually  growing,  and  as  new  fiber  reinforcen^nts  and  matrix 
materials  become  available,  the  problem  of  selecting  materials 
becomes  an  ever-growing  task  for  aircraft  builders  and  designers. 

In  order  to  select  material  for  a particular  aircraft  structure, 
a certain  minimal  amount  of  engineering  data  must  be  available 
to  the  aircraft  designer.  It  was  with  this  need  in  mind  that  a 
program  of  this  nature  has  been  undertaken.  The  general  objec- 
tive of  this  program  is  to  develop  engineering  data  on  advanced 
composite  materials.  These  materials  are  newly  developed  com- 
posite materials  systems  which  are  commercially  available,  but 
which  at  the  same  time  are  new  enough  that  little  data  are  avail- 
able for  the  purpose  of  evaluating  their  potential.  The  purpose 
was  to  generate  physical,  mechanical,  and  thermophysical  property 
data  on  a number  of  these  advanced  composite  materials,  which 
would  provide  an  aircraft  designer  or  builder  with  sufficient 
information  to  enable  him  to  decide  whether  the  material  is  a 
feasible  candidate  for  his  particular  application.  The  data 
generated  in  this  program  are  not  sufficient  to  eliminate  the 
need  for  more  detailed  and  more  comprehensive  design  data  pro- 
grams. Rather,  the  program  provides  initial  data  to  facilitate 
the  selection  of  candidate  materials,  and  provides  a basis  for 
developing  subsequent  design  allowable  efforts  on  selected 
materials.  It  provides  the  information  required  to  make  pre- 
liminary assessments  of  composite  materials  for  potential  aero- 
space service. 
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SECTicaa  2 

SELECTION  OF  MATERIALS 

The  initial  portion  of  the  program  involved  an  identifi- 
cation of  available  candidate  composite  materials.  This  identi- 
fication process  consisted  of  several  phases.  One  phase  involved 
a review  of  the  available  literature  on  composite  materials  with 
an  emphasis  on  the  more  newly  developed  or  advanced  composite 
materials.  The  second  phase  involved  establishing  both  written 
and  verbal  contact  with  a wide  cross-section  of  industry  and 
government  representatives  who  are  active  in  the  area  of  com- 
posite materials  research,  development,  and  application.  Letter 
questionnaires  were  sent  to  individuals  representing  all  the 
services,  all  the  major  aircraft  companies,  and  nearly  all  of 
the  major  material  suppliers.  The  questionnaire  was  directed 
towards  obtaining  each  individual's  feelings  as  to  what  materials 
should  be  considered  for  inclusion  in  this  program,  what  their 
assessment  of  the  current  data  availability  on  the  various  mate- 
rials was,  and  their  feelings  as  to  potential  applications  for 
which  the  various  advanced  and  newly  available  composite  mate- 
rial systems  might  be  considered.  In  addition,  these  represen- 
tatives were  asked  what  they  felt  the  most  useful  and  most  needed 
type  of  engineering  data  were , as  well  as  their  feeling  about  the 
effect  of  manufacturing  processes  required  for  a specific  composite 
material  or  its  potential  usage  by  the  Aerospace  community. 

These  letter-questionnaires  were  sent  to  a total  of  85  indivi- 
duals. A total  of  23  written  responses  were  received,  represent- 
ing 31%  of  the  total  mailing.  In  addition  to  the  written  inputs 
numerous  telephone  contacts  were  made  to  contact  individuals  who 
did  not  respond  in  writing  to  our  questionnaires  and  to  obtain 
additional  information  to  that  requested  in  the  letter.  All  the 
verbal  as  well  as  written  inputs  to  this  phase  of  the  program 
were  tabulated  and  discussed  with  AFML  representatives  prior  to 
the  establishment  of  a list  of  tentative  candidate  materials  for 
possible  inclusion  in  the  program.  The  criteria  employed  to 
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determine  and  select  these  candidate  materials  included  i&)  the 
present  or  iraninent  commercial  availability  of  the  material, 

(b)  the  degree  of  interest  in  the  material  expressed  in  the 
written  responses  and  telephone  contacts,  (c)  the  material's 
potential  to  overcome  specific  problems  of  current  concern  to 
USAP,  and  (d)  the  potential  value  to  the  USAF  if  the  material 
proves  applicable  to  AF  weapons  systems.  Table  1 lists  the 
candidate  materials  which  were  considered  during  the  materials 
selection  portion  of  this  program.  The  epoxy  matrices  are  all 
identified  with  a specific  reinforcement  since  these  were  the 
stcuidard  products  of  the  various  prepreg  suppliers  indicated  in 
parenthesis.  All  of  the  other  materials  listed  in  Table  1 are 
matrix  resins  and  are  not  associated  with  any  specific  fiber, 
since  this  could  vary  according  to  the  desire  of  the  user.  The 
companies  listed  in  parenthesis  after  these  latter  materials 
produce  the  matrix  resin  and  in  some  cases,  but  not  all,  the 
prepreg.  This  list  of  candidate  materials  was  subsequently 
narrowed  and  reduced  to  the  final  five  selections;  SP313  {3M), 
AS/HME  (TRW),  AS/3004  (Hercules),  AS/4397  (Hercules),  and  T300/ 

F178  (Hexcel) . 

The  SP313  system  (T300  fiber  and  PR313  resin)  was  selected 
because  it  represented  an  alternative  to  Narmco's  5208,  a 350®F 
epoxy  system  which  has  found  extensive  application  in  USAF 
fighter  aircraft  structures.  It  was  felt  that  two  competitive 
systems  would  result  in  lower  materials  costs  to  aircraft  builders. 
Other  epoxy  systems  had  been  looked  at  previously  and  found 
wanting  in  one  way  or  another,  such  as  elevated  temperature 
property  retention  after  high  humidity  environmental  aging. 

The  AS/HME  system  was  developed  under  a previous  AFML 
contract  and  was  designed  as  a low-flow  250°F  epoxy  system 
with  good  resistance  to  property  loss  during  high  humidity  en- 
vironmental aging.  A low-flow  matrix  offers  considerable  cost 
saving  features  from  a fabrication  standpoint  and  was  of  con- 
siderable interest  to  many  aircraft  builders.  The  enhanced 
moisture  resistance  of  this  matrix  material  also  was  an  attractive 
feature  of  this  system. 
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*NOTE;  The  Whittaker  Corporation  no  longer  exists  under  this  name. 


AS/3004  i&aterlal  is  a thersK:>plastic  polysulfone  matrix 
system  which  was  of  considerable  interest  to  aircraft  coi^anies 
as  a material  with  the  potential  for  substantial  cost  savings 
in  fedjrication  due  to  its  very  low  flow  and  potential  for  for- 
mability  into  complex  contours. 

The  AS/4397  polyimide  system  was  selected  because  it  was 
of  interest  as  a potential  alternative  to  the  350 epoxy  systems 
offering  better  dry  and  wet  properties  at  coii^rable  temperatures 
This  system  is  considered  a 450**?  material  and  as  such,  offers, 
at  equivalent  cost,  a larger  margin  of  safety  tham  the  350 ®F 
epoxies  when  used  at  comparable  conditions. 

The  T300/F178  polyimide  system  is  also  a 4S0*F  material 
which  costs  about  the  same  as  the  350**F  epoxies  but  offers  im- 
proved wet  and  dry  performance  at  con^arable  temperatures  as 
well  as  an  overall  higher  temperature  capability. 


SECTION  3 

TEST  PROGRAM  AND  PROCEDURES 

The  laboratory  efforts  required  during  this  program  con- 
sisted of  four  generally^  sequential  steps  for  each  of  the  five 
materials  characterized.  These  consisted  of  prepreg  physical 
property  characterization',  laminate  fabrication  and  specimen 
machining,  laminate  physical  property  characterization,  and 
laminate  itKschanical  and  thermophysical  property  measurements. 

Each  of  the  test  methods  and  type  of  specin^n  used  in  the  de- 
termination of  these  various  properties,  as  well  as  the  panel 
fabrication  and  specimen  preparation  procedures,  are  described 
in  this  section. 

3.1  PREPREG  PHYSICAL  PROPERTY  CHARACTERIZATION 

The  prepreg  physical  properties  which  were  measured  con- 
sisted of  volatile  content,  resin  content,  and  flow.  The  test 
methods  used  to  determine  these  properties,  for  the  most  part, 
were  those  recommended  or  used  by  the  prepreg  manufacturer. 

Table  2 identifies  the  particular  specification  which  was  followed 
in  determining  these  properties  for  each  resin  system.  In  some 
cases  one  or  two  of  these  tests  were  omitted  for  a particular 
prepreg.  These  variations  are  identified  and  explained  in  Table  2 
and  its  footnotes.  In  the  case  of  the  AS/HME  prepreg,  the  pre- 
preg supplier  did  not  reconattend  particular  tests  for  resin  content 
or  flow,  so  the  University  adopted  tests  which  it  considered 
appropriate  for  this  purpose.  The  summarized  prepreg  properties 
themselves  are  presented  in  Section  4 for  each  specific  material. 
These  prepreg  physical  property  characterizations  were  not  in- 
tended primarily  as  a means  of  accepting  or  rejecting  a particular 
hatch  of  material  if  it  deviated  slightly  from  prespecified 
tolerance  limits.  Rather,  they  were  conducted  to  provide  the 
reader  with  an  estimate  of  the  normal  property  levels  and 
variability  encountered  in  purchased  prepreg  and  also  to  pro- 
vide a basis  for  the  subsequent  assessment  of  laminate  pro- 
perties obtainable  from  such  prepreg. 
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^ 2 

fREPREG  PHYSICAL  PBOPERTY  TEST  SPECIFICATIONS 


I 


Prepreg 

Test  Specification  Identification^ 

Material 

Volatile  Content 

Resin  Content 

Flow 

SP313 

(3M) 

3M  method 

3M  method 

3M  method 

AS/3004 

(Hercules) 

HD-SG- 500/2 32 

HD-SG-2-6006C 

{5.2.6,P) 

n.a.2 

AS/4397 

(Hercules) 

HO-S6-2-6006C 

(5.1) 

HD-SG-2-6006C 

(5.2.6,P) 

HD-SG-2-6096C 

{5.3.1,A) 

T300/F178 

(Hexcel) 

N.A.^ 

Hexcel  method 

N.A.** 

AS/HME 

(TRW) 

1.1.1 

(TRW  method) 

i..i  1 ■ .11  ■ . , - 

AFML-TR-67-243^ 

3M  method® 

^All  of  the  test  nsethods  specified  in  this  table  are  reproduced 
in  their  entirety  in  Appendix  a. 
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No  flow  test  was  run  on  the  AS/3004  prepreg  because  this  thenno- 
plastic  material  exhibits  negligible  flow  during  laminate  con- 
solidation. 

3 

The  P178  prepreg  contains  no  volatiles. 

4 

It  was  indicated  by  Hexcel  that  they  did  not  run  a flow  test  on 
this  prepreg  since  they  had  found  that  if  used  within  the  spe- 
cified shelf  life  period,  the  prepreg  produced  consistently 
good  laminates  if  its  resin  content  feJl  in  the  range  of  42  + 3%. 
It  was  obvious  during  laminate  preparation,  however,  that  this 
is  a relatively  high  flow  system. 

5 

It  was  found  that  neither  hot  acetone  (recommended  by  TKW)  or 
diroethylformamide  {SP313,  3M  procedure)  extraction  succeeded  in 
coit^Jlete  resin  removal.  The  method  referenced  here  utilizes  a 
hot  nitric  acid  digestion  of  the  resin. 

^No  flow  test  procedure  was  recommended  since  this  was  a low-flow 
system.  As  a consequence  it  was  arbitraily  decided  to  use  the 
same  test  as  was  used  for  the  SP313  material.  The  comparative 
results,  presented  in  Section  4,  illustrate  the  reduced  flow 
characteristics  of  the  HME  resin.  One  must  keep  in  mind,  hovrever, 
that  this  flow  test  imposed  90  psi  upon  the  sample  while  the 
actual  cure  schedule  for  the  HME  system  goes  only  to  14  psi. 
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Samples  for  the  prepreg  phs^sicai  property  tests  were  ob~ 
tained  from  each  roll  of  prepreg  tape  and  three  specimens  were 
used  for  each  test.  The  con^lete  tabulation  of  these  prepreg 
test  results  is  presented  in  l^pendix  A.  All  of  the  prepreg 
used  in  this  program  except  for  the  AS/3004  and  AS/HME  was 
stored  at  -30®F  when  not  in  use  and  all  of  the  laminates  needed 
for  the  program  were  prepared  prior  to  the  expiration  of  the 
manufacturer's  stated  storage  life  for  each  specific  material- 
In  addj.tion,  a written  record  was  maintained  for  each  roll  of 
prepreg  «bich  noted  the  cumulative  total  time  the  material  was 
exposed  to  room  temperature  conditions  during  the  period  in 
which  laminates  were  being  fabricated  from  the  tape.  The  AS/ 30 04 
and  AS/HME  materials  were  stored  at  room  temperature  {=72 “P) 
since  there  vere  no  storage  life  limitations  with  these  two 
materials . 

3.2  LAMIKATE  PROCESSING  AND  SPECIMEN  FABRICATION 

When  lasninates  were  to  be  made,  the  roll  of  prepreg  was 
removed  from  the  freezer  and  allowed  to  warm  to  room  tea^rature 
without  opening  the  sealed  bag  in  which  the  prepreg  was  con- 
tained. This  was  done  in  order  to  eliminate  the  chance  of 
moisture  condensation  directly  on  the  prepreg  material.  After 
the  prepreg  had  warmed  thoroughly  to  room  ten^rature,  it  was 
removed  from  its  package  and  unrolled  on  a clean  countertop. 

Pieces  were  cut  from  the  tape  in  the  required  shape  and  size 
with  a razor  and  after  removing  the  release  paper,  carefully 
layed  up  in  the  desired  stacking  sequence  for  a particular  lami- 
nate panel.  This  stack  was  then  carefully  rebagged  and  returned 
to  the  freezer  for  storage  until  lamination  and  curing.  When  a 
laminate  was  to  be  cured,  it  was  removed  from  the  freezer  and 
warmed  to  ambient  before  reopening  its  storage  bag.  The  prepreg 
was  then  removed  from  the  storage  bag  and  placed  in  an  autoclave 
for  curing.  The  detailed  curing  schedules  for  each  specific 
prepreg  material  are  presented  in  Section  4,  After  lamination 
and  cure,  machining  diagrams  were  sketched  onto  the  panel  surfaces 
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and  individual  specimens  were  cut  out  of  the  panels  with  a 
diamond  cut-off  wheel  and  finish  machined  to  the  required  di- 
mensions on  a Tensile-Cut  belt  sander.  Specimens  from  each 
panel  were  set  aside  for  measurement  of  panel  physical  charac- 
teristics. 

Some  of  the  mechanical  test  speoimene  required  doubling 
tabs  in  the  grip  sections.  A 1/16-inch  thick  glass  fabric  re- 
inforced phenolic  laminate  material  was  used  for  this  purpose. 
Scotchply  is  specified  in  the  Design  Guide  for  tab  material  but 
it  proved  unsatisfactory  for  the  elevated  temperatures.  Loctite 
305  adhesive  was  used  to  bond  the  tabs  to  the  specimen  and  was 
cured  at  275®F  for  15  minutes  under  spring  clamp  pressure. 

3.3  LAMINATE  PHYSICAL  PROPERTY  CHARACTERISATION 

Four  different  physical  properties  were  measured  on  each 
Itiminate  to  insure  acceptable  laminate  quality.  These  were 
specific  gravity,  resin  content,  fiber  content,  and  void  content 
Each  of  the  procedures  used  for  these  measurements  is  discussed 
in  detail  in  the  following  paragraphs  and  is  summarized  in  Table 
3.  The  summarized  laminate  physical  properties  obtained  for 
each  of  the  materials  investigated  are  summarized  in  the  tables 
in  Section  4 and  are  presented  in  their  entirety  in  Appendix  B. 

3.3.1  Specific  Gravity 

Three  speci.aens  from  widely  scattered  locations 
on  each  laminate  were  selected  for  specific  gravity  determina- 
tions. Specimen  size  depended  upon  both  panel  size  and  the 
number  and  size  of  mechanical  test  specimens  required  from  the 
panel,  but  in  general  ranged  from  a minimum  of  1/2"  x 1/2"  to  a 
maximum  of  1"  x 3/4".  The  method  used  was  ASTM  D792,  a weight — 
in-air/weight" in-water  technique . 

3.3.2  Resin  Content 

The  same  specimens  which  were  used  for  specific 
gravity  measurements  weie  1 for  resin  content  determinations. 
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TABLE  3 

LAMINATE  PHYSICAL  PROPERTY  TEST  PROCEDURES 


i 

i 


Laminate 

Material 

■ElSISHI 

Content^ 

SP313 

(3M) 

ASTM  D792-66 

AFML-TR-67-243 
(Acid  digestion) 

Grid  point  count  and 
ASTM  D2734-70(B) 

AS/3004 

(Hercules) 

ASTM  D792-66 

HD-SG-2-6006C 
( 5 . 2 . 6,  P )(Hercules 
Method) 

Grid  point  count  and 
ASTM  D2734-70(B) 

AS/4397 

(Hercules) 

ASTM  D792-66 

HD-SG-2-6006C 
(5.2 . l,A)(Hercule£ 
Method) 

Grid  point  count  and 
ASTM  D2734-70(B) 

T300/F178 

(Hexcel) 

AS/HME 

(TRW) 

ASTM  D792-66 

ASTM  D792-66 

Grid  point  count 
on  photomicro- 
graphs 2 

3 

Grid  point  count 

3 

F . ( 1 

I Void  contents  were  computed  as  described  in  ASTM  D2734~70(B) 

j and  also  detejrmined  by  a point  counting  technique  which 

I I essentially  integrates  the  areas  on  a cross  sectional  photo- 

t I micrograph  which  represent  resin,  fiber,  and  voids. 

i.  ' 

r ^ 2 

5 It  was  found  impossible  to  digest  the  cured  FI ,8  resin  away 

r with  several  different  acids  and  solvents. 

t, 

^ 3 

i Since  evaluation  of  this  material  was  terminated  prematurely, 

no  panel  resin,  fiber,  or  void  contents  were  determined. 


f'  • 


I 

I 


i 

I 


'v 
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fJbe  a^thods  listed  iu  Table  3 were  followed  in  these  determinations. 
The  grid  point  count  method  involves  placing  a transparent  grid 
over  a specimen  photomicrograph  and  counting  the  number  of  grid 
intersections  which  fall  on  resin,  fiber,  or  void  areas.  This 
method  produces  statistically  accurate  values  if  a sufficiently 
large  sample  is  utilized.  In  this  program,  we  have  used  a grid 
containing  1530  intersections  and  have  used  three  photomicrographs 
{300X)  per  laminate. 

3.3.3  Fiber  Content 

The  fiber  contents  of  the  SP313  laminates  were 
computed,  as  percent  by  volume,  from  the  same  data  used  for  the 
resin  content  determinations.  The  computational  procedure  is 
illustrated  in  AFML~TR~67-243  and  en^>loyed  values  for  fiber  and 
resin  specific  gravity  reported  by  the  respective  manufacturers. 

3*3.4  Void  Content 

The  void  contents,  just  as  the  fiber  contents,  of 
the  SP313  laminates  were  computed,  as  percent  by  volume,  from 
the  same  data  obtained  in  the  resin  content  determinations. 

The  computational  procedure  is  described  in  ASTM  D2734-70, 
method  B.  The  result  of  this  procedure  frequently  gives  nega- 
tive values  for  laminates  having  low  void  contents.  This  occurs 
because  minor  errors  or  variations  in  the  values  for  resin,  fiber, 
and  composite  specific  gravities  become  significant  at  low  void 
contents.  This  result  was  obtained  for  numerous  laminates  made 
in  this  program,  even  though  photomicrographs  did  sometimes  re- 
veal the  presence  of  porosity.  A point  counting  technique  using 
a grid  superimposed  over  photomicrographs  of  laminate  cross  sections 
was  consequently  used  in  conjunction  with  the  computed  values. 

It  is  felt  that  the  photographically  obtained  value  is  more 
realistic  than  the  computed  values  for  low  porosity  laminates 
and  for  this  reason,  these  values  are  reported  in  place  of  the 
computed  negative  values.  Figure  1 illustrates  typical  laminate 
cross  sections  for  each  of  the  composite  materials  characterized. 
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3.4  SPECIMEN  CONDITIONING 

Three  different  types  of  conditioning  were  involved  in  this 
program.  The  first  was  simply  a dry  dessicated  storage  of 
finished  specimens  at  ambient  temperature  until  they  were  to  be 
tested.  This  provides  a data  base  for  the  dry  material  to  which 
both  humidity  aging  data  and  data  for  other  materials  systems  can 
be  compared. 

The  second  type  of  conditioning  was  the  elevated  and  re- 
duced test  tempfcrctures.  In  all  of  the  mechanical  testing  except 
for  specimens  which  were  humidity  aged,  the  specimens  were  soaked 
for  one-half  hour  at  the  test  temperature  prior  to  loading. 
Thermal  conductivity  specimens  were  soaked  at  temperature  for 
periods  of  up  to  several  hours  in  order  to  provide  sufficient 
time  for  the  test  stack  to  reach  thermal  equilibrium  before 
readings  were  taken.  The  thermal  expansion  specin^ns  were  not 
soaked  for  extended  periods  at  any  one  temperature.  Rather, 
they  were  heated  from  some  starting  temperature  to  the  ending 
temperature  at  a constant  rate  of  about  2*C/min. 

The  third  type  of  conditioning  was  an  elevated  temperature, 
high  humidity  exposure.  The  specimens  involved  in  these  tests 
were  exposed  to  conditions  of  160 "F  and  1U0%  R.H.  until  they 
either  reached  saturation,  as  evidenced  by  constant  weight,  or 
about  50%  of  their  saturated  weight  gain,  specimens  were  removed 
from  the  humidity  cabinets  for  weighing  periodically  to  determine 
weight  gain.  The  frequency  of  removal  varied  from  material  to 
material  depending  upon  whether  the  aging  was  being  carried  to 
saturation  or  half-saturation  and  upon  the  rate  and  extent  of 
moisture  absorption  by  the  particular  matrix  system  being  aged. 
The  half-saturation  agings,  for  example,  typically  required  less 
than  one  day,  and  normally  two  or  three  weighings  were  made 
during  this  period  at  intervals  of  from  3 to  16  hours.  The 
fully  saturated  agings,  on  the  other  hand,  typically  required 
from  four  to  eight  weeks  to  complete,  during  which  time  the 
specimens  were  removed  from  the  aging  cabinet  and  weighed  between 
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four  and  ten  tiroes  at  intervals  of  three  to  seven  days.  After 
final  removal  from  the  humidity  aging,  the  specimens  were  tested 
at  both  72 and  at  one  of  the  elevated  temperatures  for  which 
data  on  dry  specimens  were  obtained.  After  removal  from  the 
humidity  aging  cabinet,  the  specimens  were  kept  in  a 72 *F,  100% 

R.H.  environment  until  tested  (less  than  one-^half  day) . During 
this  period  the  specimens  were  exposed  to  ambient  conditions  for 
a maximum  of  about  twenty  minutes,  during  which  time  strain 
gages  and  gripping  tabs  wore  mounted  on  the  specimens  (inter- 
laminar shear,  short  beam  specimens  of  course,  did  not  need  this) . 
The  specimens  tested  at  room  ten^erature  were  tested  as  soon  as 
they  were  ready.  Those  tested  at  elevated  tei^perature  were 
placed  in  a preheated  test  oven  and  tested  after  the  same 
30-minute  soak  used  for  dry  specimens.  The  insertion  of  the 
specimens  for  elevated  temperature  testing  into  the  grips  in  the 
test  oven  required  less  than  one  minute,  during  v^nich  time,  the 
oven  temperature  fell  about  50 *F  below  its  setpoint.  The  30- 
minute  soak  time  was  counted  from  the  reclosing  of  the  test 
oven  door  after  specimen  insertion.  Hence,  the  first  several 
minutes  of  this  30-minute  period  was  required  for  the  oven 
tensperature  to  recover  to  the  setpoint  while,  simultaneously, 
the  test  specimen  required  ten  minutes  or  so  of  this  30-i:<inute 
soak  to  approach  the  test  ten^rature.  This  length  of  soak  was 
initially  used  to  insure  complete  cure  of  the  tab  adhesive  prior 
to  loading  since  the  tabs  were  applied  with  an  elevated  tenqpera- 
ture  cure  adhesive  to  insure  adequate  tab  performance  during 
loadup  and  the  specimens  were  placed  in  the  test  oven  immediately 
after  application  of  the  tabs  so  that  specimen  heat-up  and  tab 
adhesive  cure  occurred  simultaneously.  It  is  recognized  that 
a 30-minute  soak  of  a "wet"  con^osite  can  produce  a drying  effect 
so  that  the  test  results  are  not  actually  representative  of  a 
truly  "saturated"  material.  A compromise  must  be  made,  however, 
between  the  length  of  time  required  for  a specimen  to  heat  up 
to  the  test  teit5)erature  and  the  rate  at  which  a specimen  dries 
out.  Ideally,  a steam  test  chamber  would  eliminate  the  requirement 
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to  make  such  a compromise.  Few  organizations  have  such  a test 
chamber « however.  The  heat-up,  dry-out  compromise,  in  this 
case,  however,  was  also  influenced  by  the  requirement  to  cure 
the  tab  adhesive  prior  to  load  application.  It  was  found  that 
the  use  of  room  temperature  curing  tab  adhesives  for  elevated 
ten^rature  tests  resulted  in  debonding  of  the  tabs  prior  to 
specimen  failure.  Consequently,  elevated  tes^rature  curing 
tab  adhesives  were  used  to  overcome  this  problem  and,  hence, 
the  need  to  simultaneously  cure  the  tab  adhesive  while  heating 
the  "wet"  specinwsns  up  to  the  test  ten^rature  during  the  30- 
minute  "soak". 

One  experiment  was  conducted  to  measure  the  magnitudes  cf 
possible  error  introduced  by  the  30-minute  soak  before  load 
application  by  measuring  both  the  heat-up  and\  diry-out  rate  of  an 
AS/3004  polysulfone  matrix  specimen.  This  material  absorbs  only 
about  1/4-1/3  as  much  moisture  as  the  other  materials  charac- 
terized in  this  program  when  aged  to  saturation  and  the  first  50- 
60%  of  this  gain  occurs  very  rapidly  (3-9  hours) . An  untabbed 
90®  tensile  specimen  was  used  for  this  experiment.  Figure  2 
illustrates  the  results  of  this  experiment.  It  can  be  seen  that 
even  after  30  minutes,  the  specimen  temperature  (as  indicated 
by  a small  thermocouple  embedded  in  the  center  of  the  specimen) 
is  not  quite  up  to  the  nominal  test  temperature.  The  moisture 
content,  however > has  fallen  to  less  than  50%  of  the  saturated 
value  in  this  period.  Son«  investigators  recommend  only  a three- 
minute  soak  to  minimize  drying.-  For  the  AS/3004  material,  it 
can  be  seen  that  one  would  be  testing  a material  with  a iwjisture 
content  of  about  85%  of  the  saturated  value  at  a temperature  40 ®F 
below  the  nominal  test  temperature  for  this  test  criteria. 

What  it  boils  down  to  is  that  each  investigator  must  decide 
upon  his  own  compromise - 

Another  experiment  which  was  conducted,  involved  testing 
some  saturated  TSOO/FIIS  short  beam  shear  specimens  after  a 
30-minute  soak  and  after  a five-minute  soak.  Table  4 presents 


TABLE  4 


COMPARISON  OP  THE  EFFECTS  OF  TEST  OVEN  SOAK  TIMES  UPON 
RETAINED  INTERLAMIN21S  SHEAR  STRENGTH  OF  SATURATED 
T300/P178  COMPOSITE  LAMINATES 


Test 

Condition 

Test  Ten^. 
(“F) 

Std.  Dev. 
(ksi) 

NO. 

Specimens 

dry 

72 

14.82 

0.89 

5 

dry 

350 

10.17 

0.29 

5 

saturated 

72 

11.33 

0.29 

3 

saturated 

350,  30-niin. 
soak 

7.38 

0.41 

3 

saturated 

350,  5-niin. 
soak 

6.69 

0.09 

2 

t'-; 
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the  results  of  this  experiment.  It  can  be  seen  that  the  five- 
minute  soak  produced  a lower  strength,  indicating  perhaps  that 
the  higher  moisture  content  present  after  only  five  minutes 
was  iw)re  detrimental  to  the  shear  strength  than  the  lower 
specimen  ten^jerature.  The  difference,  however,  is  only  marginal 
so  it  seems  that  the  SO-minute  soak  data  are  still  quite  useful. 
In  fact,  inspection  of  all  the  humidity  aging  data  appearing  in 
Section  4 indicates  that  considerable  and  consistent  strength 
drop-offs  occur  for  all  of  the  materials  evaluated  in  this 
fashion. 

3.5  LAMINATE  MECHANICAL  AND  THERMOPHYSICAL  PROPERTY 

CHARACTERI ZATION 

A total  of  eight  types  of  mechanical  property  tests  were 
performed  on  the  composite  materials  evaluated  during  this  pro- 
gram; tension,  compression,  flexure,  inplane  shear,  interlaminar 
shear,  tensile  creep,  tensile  stress -rupture,  and  tensile- 
tensile  fatigue.  In  addition,  four  thermophysical  properties 
were  measured;  specific  heat,  thermal  conductivity,  coefficient 
of  thermal  expansion,  and  glass  transition  temperature.  Tables 
5-8  summarize  the  test  matrices  for  the  static,  dynamic/time 
dependent,  thermophysical,  and  humidity  aged  static  tests.  It 
can  be  seen  that  the  original  test  plan  called  for  a total  of 
&12  specimens  to  be  tested  for  some  sort  of  mechanical  or  thermo- 
physical property  for  each  material  system.  In  addition  to  these 
specimens,  however,  numerous  instances  were  encountered  where 
extra  or  replacement  specimens  had  to  be  tested.  These  situa- 
tions included  instances  where  failures  occurred  in  the  tabbed 
grip  areas  rather  than  in  the  gage  section,  where  instrumentation 
failures  prevented  full  data  acquisition  or  aborted  a test,  or 
simply  occasions  when  anomalous  results  were  obtained  which  dic- 
tated rechecking.  Another  source  of  extra  specimen  testing  in- 
volved the  creep  and  fatigue  tests.  In  these  tests  it  was  found 
on  several  occasions  that  the  stress  levels  initially  selected 
produced  premature  failures.  Consequently,  the  stress  levels 
at  which  these  tests  were  conducted  were  lowered  and  extra 
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TABLE  5, 

STATIC  mechanical  PROPERTY  TEST  MATRIX 


1 

The  two  elevated  temperatvires  varied,  depending  upon  the 
matrix  resin. 

2 

Except  for  some  rail  shear  tests  run  with  the  SP313  system 
all  of  the  inplane  shear  data  were  obtained  from  the  +45® 
tension  data. 
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Test  Teimerature^ 




^4 - . 

0*  Tensile  Creep 

0 

9 

9 

9 

90®  Tensile  Creep 

0 

9 

9 

9 

+45“  Tensile  Creep 

0 

9 

9 

9 

0®  Tensile  Stress 

Rupture2 

0 

9 

9 

9 

90®  Tensile  Stress 
Rupture^ 

0 

9 

9 

9 

+45®  Tensile  Stress 
Rupture2 

i 

0 

9 

9 

9 

0®  Tensile-Tensile 
Fatigue 

12 

12 

12 

12 

90®  Tensile-Tensile 
Fatigue 

12 

12 

12 

12 

+45®  Tensile-Tensile 
~ Fatigue 

12 

12 

12 

12 

^The  two  elevated  temperatures  varied,  depending  upon  the  matrix 
resin. 


2 

The  stress  rupture  lifetimes  were  obtained  from  the  same 
specimens  used  for  creep  tests. 

Extra  Note:  The  9 specimens  tested  in  tensile-creep  at  each 
condition  were  subdivided  into  3 groups  of  3 
specimens  each  and  these  groups  of  three  were 
then  loaded  at  different  stress  levels.  The  12 
specimens  tested  in  fatigue  at  each  condition 
were  subdivided  into  3 groups  of  4 specimens 
each  and  these  groups  of  four  were  then  tested 
at  different  maximum  cyclic  stress  levels. 
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TEST  mTBXK  FOa  STATIC  MECHANICAL  FROFERTY  TSSTS  AFTER 
ELEVATED  TEMPERATURE,  HIGH  HIHiXDITT  AGIHGS 


Test 


[ Saturation  Level  1 

PI  ^ 

72‘’P 

mniiin 

?2«P 

migiiiiii 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

5 

90*  Tension 

[+45*  Tension/lnplane  Sheai? 
Interlaminar  Shear 


^This  ten^erature  varied  depending  upon  the  specific  material. 

2 

These  tests  were  not  performed  on  the  latter  materials  tested 
in  this  program  (AS/4397  and  T300/F178)  because  of  the  relatively 
small  effect  which  humidity  aging  has  upon  these  properties. 


I 
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specimens  tested  so  as  to  prov^ide  the  f eoaplemerstt  of  results 
required  for  the  test  plan  outlined  in  Tables  5-8.  It  will  be 
noted  in  the  svinunarized  results  in  Section  4 that  the  number  of 
specimens  for  which  the  average  property  values  are  reported 
varies  from  property  to  property.  As  discussed  above,  however, 
in  some  cases  extra  tests  were  conducted  which  raised  the  nunber 
of  specin^ns  above  the  original  plan.  In  other  cases,  the  be- 
havior of  the  test  specimen  during  test  prevented  the  acquisition 
of  one  or  more  properties  from  that  particular  speciiwsn.  If, 
for  example,  the  specimens  underwent  excessive  elongation  before 
failure,  the  strain  gages  were  lost  and  ultimate  elongation  data 
were  not  obtained,  even  though  strength,  modulus,  proportional 
limit,  and  Poisson  ratio  Values  were.  In  some  cases,  strain 
gage  data  were  lost  due  to  breaks  in  the  lead  wire-gage  terminal 
connection . 

In  the  succeeding  sections , descriptions  of  the  test 
methods  used  to  obtain  the  mechanical  and  thermophysical  prop- 
erties are  presented.  The  summarized  test  results  for  each 
specific  material  system  are  presented  in  Section  4 and  a com- 
plete tabulation  of  all  of  these  test  results  is  presented  in 
Appendices  C thru  M. 

3.5.1  Tension 

Tensile  tests  were  conducted  in  accordance  with 
the  recommendations  of  the  Advanced  Composites  Design  Guide 
using  the  straight-sided  IITRI  specimen  illustrated  in  Figure  3. 
The  doubling  tabs  were  a glass  fabric/phenolic  laminate  material 
as  discussed  previously  (Section  3.2).  The  tensile  tests  were 
conducted  at  an  extension  rate  of  0.05  inch/minute  on  an  Instron 
Universal  Testing  Machine.  All  of  the  tensile  strains  were 
monitored  with  strain  gages.  This  test  procedure  also  corresponds 
to  ASTM  method  D3039-74  except  for  the  tab  materials.  In  the 
A3TM  speciification,  the  tab  material  called  for  is  a non-woven 
0°/90'’  Scotchply  material  1/8  inch  thick,  while  in  this  program 
a woven  glass/pher.olic  material  1/16  inch  thick  was  used 
satisfactorily . 
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TENSILE  TEST  SPECIMEN 


1/16 

Bonded  Scotchply 


LAMINATE 


NO.  OF  PLIES! nl 


SPECIMEN  WIDTH  b 


lOlc 

1901c 

t0/901c 

[0/+45/901r 


n«6 
n*15 
02:3 
n 2^6 


1/2 

1 

1 

1 


i 

'( 

r 

l: 

'p. 


i 

f-  ■ 

T . 

■J- 

r' 

I 

h 

!■ ' 

T. 

I 

I 

f 


(1)  Specimens  may  be  individually  molded  or  cut  (diamond  tool 
recommended)  to  width  required. 

(2)  I nner  ply  of  tab  material  should  have  fibers  in  the  longitudinal 
direction, 

(3)  Self-aiigning  grips  should  be  used,  completely  enclosing  the  tab 
area. 

(4)  The  aspect  ratio  of  the  test  area  must  be  noted  when  testing  off- 
axis  orientations.  The  aspect  ratio  may  be  varied  to  represent 

a specific  application. 


Figure  3.  IITRI  Straight-Sided  Tensile  Specinten. 
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*nie  tensile  propottional  limits  were  deter^ned 
with  the  understanding  that  the  proportional  limit  should  rep- 
resent the  point  at  which  a significant  departure  from  linearity 
in  the  slope  of  the  stress-strain  curve,  presumably  indicative 
of  damage  to  the  specimen,  occurs.  This  can  produce  a sub- 
stantially different  value  than  if  one  were  to  simply  take  the 
point  of  first  deviation  from  linearity.  The  first  deviation 
of  the  stress-strain  curve  from  linearity  on  the  0®  fiber 
orientations  actually  occixrred  at  roughly  one- third  of  the  ulti- 
mate stress  but  at  this  point  the  slope  of  the  curve  increased 
rather  than  decreased.  It  is  generally  conceded  tJiat  this 
phenomena  is  due  to  the  behavior  of  the  reinforcing  graphite 
fiber  since  the  Scume  behavior  is  noted  when  testing  bare  graphite 
fibers.  Consequently,  this  is  not  felt  to  indicate  damage  to 
the  specimen.  No  decrease  in  the  slope  of  the  stress-strain 
curve  was  in  fact  noted  for  most  of  the  0®  or  90®  fiber  orien- 
tations prior  to  failure  except  for  the  high  teir^erature  tests 
on  the  90®  fiber  orientations,  and  for  this  reason  the  propor- 
tional limit  is  reported  as  equivalent  to  the  ultimate  strengths. 
On  the  high  temperature  tests  with  the  90®  fiber  orientation 
and  on  all  of  the  +45*  fiber  orientations,  a significant  decrease 
in  the  slope  of  the  stress-strain  curves  was  observed  below  the 
ultimate  strength.  Whether  this  indicates  the  onset  of  real 
and  significant  damage,  at  least  at  the  point  of  first  departure, 
is  a moot  point.  Perhaps  the  determination  of  the  elastic  limit 
would  be  of  more  value  than  the  proportional  limit. 

The  Poisson's  ratio  values  were  experimentally 
measured  on  the  0®  and  +45®  fiber  orientations  and  computed  for 
the  90®  fiber  orientation  from  the  relationship: 


3.5.2  Compr-^ssion 

Compression  tests  were  conducted  using  ASTM  method 
D3410-75.  Figures  4 and  5 illustrate  the  specimen  and  fixture 
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(a)  PARTIALLY  ASSEMBLED  (b)  FULLY  ASSEMBLED  WITH 

SPECIMEN  IN  PLACE 

Figure  5.  Celanese  Coiiq?ression  Fixture. 


Retails.  Prior  to  the  adoption  by  ASTM,  this  test  method  was 
widely  referred  to  as  the  Celanese  compression  coupon  test 
method. 

Compression  testing  has  traditionally  been  the 
subject  of  considerable  controversy  because  of  the  various 
types  of  failure  modes  one  can  encounter.  Not  only  can  one 
obtain  different  failure  modes  with  different  types  of  test 
specimens  and  fixtures,  but  one  can  also  experience  different 
types  of  failure  modes  from  the  saune  type  of  test  specimen  and 
fixture.  Inherent  in  the  question  of  what  is  or  is  not  a de- 
sirable failure  mode  is  the  requirement  to  avoid  a gross  spe- 
cimen buck ling- type  of  failure.  This  is  different  from  what 
is  called  micro-buckling,  which  consists  of  longitudinally 
oriented  reinforcing  fibers  undergoing  individual,  localized 
buckling  due  to  compressive  stresses  within  the  composite  ex- 
ceeding the  capability  of  the  resin  matrix  to  support  the  fiber 
and  maintain  its  axial  alignment.  Micro-buckling  is  generally 
considered  a legitimate  compressive  failure  mode,  while  gross 
specimen  buckling  resulting  from  column  instability  is  not. 

In  order  to  eliminate  the  occurrence  of  coltimn  instability 
failures,  specimens  are  designed  with  a slenderness  ratio  suffi- 
cient to  insure  compressive  failure  before  the  load  necessary 
to  initiate  column  buckling  is  reached. 

The  compression  test  described  in  D3410-75  is  con- 
sidered to  be  a very  promising  compressive  test  method  which, 
with  proper  specimen  design,  produces  acceptable  failure  modes 
without  the  need  of  lateral  specimen  supports  during  the  test. 

One  objection  to  this  test  method  which  has  been  raised  is  that 
the  mated  conical  surfaces  make  line  rather  than  surface  contact 
during  testing  and  that  this  produces  frictional  and  alignment 
problems  which  affect  the  recorded  results. 13]  our  experience 
has  been  that  the  frictional  problems  are  minimal  except  when 
testing  at  reduced  temperatures,  in  this  case,  frost  accumulates 
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on  the  fixture  and  the  sliding  surfaces  do  not  slide  freely,  pro- 
ducing some  spurious  load  recordings.  Misalignment  has  proven 
to  be  a problem,  however.  Although  the  specimens  were  designed 
to  eliminate  buckling  instability,  it  has  been  found  that  buck- 
ling frequently  occurred  anyway  at  stresses  between  75%  and  100% 
of  ultimate.  This  behavior  is  evident  in  the  load-strain  curve 
illustrated  in  Figure  6 and  by  the  failed  specimen  in  Figure  7. 

The  misalignuaent  apparently  is  induced  by  the  nonuniform  seating 
of  the  fixture  cone  in  the  conical  socket.  This  nc-nuniform 
seating,  in  turn,  results  from  the  distortion  imposed  upon  the 
split  cone  by  the  thickness  of  the  specimen. 

3.5.3  Flexure 

All  flexural  testing,  with  the  exception  of  the 
0*  AS/4397  specimens,  was  conducted  using  the  four-point  loading 
method  described  in  the  January,  1971,  issue  of  the  Advanced 
Composite  Design  Guide. In  this  volume  a three-point  tech- 
nique is  recommended  for  0®  fiber  orientations  and  a four-point 
technique  for  90“  fiber  orientations.  It  has  been  observed, 
however,  that  one  not  infrequently  encounters  undesirable  failure 
modes  under  the  loading  nose  and  subsequent  anomalous  strength 
values  when  using  three-point  loading  on  high  modulus  comp/osite 
materials  with  a 0“  fiber  orientation.  For  this  reason,  the 
four-point  method  was  used,  with  the  one  exception,  for  both 
fiber  orientations  in  this  program.  The  reason  for  this  one 
exception  is  discussed  in  further  detail  in  Section  4.3.  All 
flexure  tests  were  conducted  at  a testing  speed  of  0.05  in/min. 

3.5.4  Inplane  Shear 

Two  types  of  inplane  shear  tests  were  conducted. 

The  principle  technique,  used  for  all  of  the  different  systems, 
utilized  data  obtained  from  a uniaxial  tensile  test  on  a +45“ 
crossplied  laminate.  This  method  is  quite  simple  and  is  described 
in  two  articles  in  the  Journal  of  Composite  Materials- '61  The 
second  type  of  inplane  shear  test  was  a double  rail  shear  tech- 
nique described  as  Method  B in  a proposed  ASTM  standard  titled 
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Figure  7.  Appearance  of  Failed  Compressive  Specimen  Which  Buckled. 


"Proposed  Method  of  5eat  for  I’hplane  Shear  Properties  of  Composite 
Laminates »"  Figures  8 and  9 illustrate  the  specimen  and  fixture 
used  in  this  technique.  This  latter  method  was  used  only  with 
the  SP313  system.  The  testing  speed  in  the  double  rail  shear 
test  was  0.05  in/niin. 

Ail  of  the  tabular  data  for  inplane  shear  in  Sec- 
tion 4 was  obtained  with  the  +45*  tensile  test  specimen.  For 
comparative  purposes,  however,  the  data  obtained  with  the  rail 
shear  method  is  also  presented  in  Section  4 for  the  SP313  mate- 
rial, along  with  pertinent  commentary. 

■ '♦ 

3-5.5  Interlaminar  Shear 

Interlaminar  shear  is  another  property  for  which 
no  simple  or  problem-tree  test  exists.  The  two  most  widely  used 
tests  are  the^  opposed  double  notch  specimen  with  side  supports 
and  the  short  beam.  A third  test  utilizes  torsional  loading  of 
a rod  but  requires  special  fixturing.  Each  of  these  tests  is 
subject  to  certain  objections.  The  notched  specimen  is  known  to 
have  high  stress  concentrations  at  the  notch  edges,  the  short 
beam  specimen  produces  high  strength  values  because  of  its  short 
span  and  the  compressive  stresses  introduced  by  the  loading  nose 
and  supporting  points,  and  the  torsional  speciii«n  is  not  felt  to 
have  a straight  line  stress  distribution  at  the  higher  stresses 
even  though  this  assumption  is  made  in  computing  the  failure 
strength. 

Because  of  the  simplicity  of  the  specimen  and  the 
test  and  because  of  the  widespread  use  of  the  speciit^n  for  quality 
control,  the  short  beam  specimen  was  selected  for  generation  of 
interlaminar  shear  properties  in  this  evaluation.  This  method 
is  described  in  the  January  1971  issue  of  the  Advanced  Composite 
Design  Guide  and  is  also  described  by  ASTM  method  D2344-76.  The 
only  differences  between  the  two  is  that  the  ASTM  method  calls 
for  ten  replications , while  only  five  were  conducted  in  this 
program. 
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3.5.6  tensile  FatigneC 

Fatigue  tests  were  cfonducted  on  all  three  fiber 
orientations  at  all  four  test  temperatures  and  at  three  different 
levels  of  maximum  stress.  At  least  four  replications  were  run 
for  each  condition.  The  same  type  of  specisran  was  used  for 
fatigue  as  was  used  for  tensile  tests.  All  of  the  tests  were 
constant  load  an^Jlitude  at  a frequency  of  30  Hz  with  the  minimum 
stress  equal  to  one-tenth  the  maximum  stress.  The  specimens 
were  cycled  to  a maximum  of  iO"?  cycles,  at  which  time,  if  no 
failure  had  occurred,  they  were  removed  and  tested  for  residual 
tensile  properties.  All  residual  property  tests  were  conducted 
at  72  ®P,  regardless  of  the  ten^rature  at  which  the  specimens  were 
fatigue  loaded. 

The  fatigue  tests  were  carried  out  on  M'S,  closed- 
loop,  electrohydraulic,  servo-actuated  testing  machines.  Speci- 
men gripping  was  by  means  of  wedge-type  Instron  and  Templin  grips. 
The  grips  are  locked  into  place  on  the  loading  ram  and  load  cell 
to  insure  constant  alignment.  Axial  and  concentric  alignment  of 
the  ram  and  load  cell  was  verified  with  a dial  gage  to  within 
0.001  inch  and  grip  alignment  was  insured  by  the  use  of  a specially 
machined  straight  al\iminiua  bar  in  place  of  a specimen.  Spacers 
were  utilized  to  center  the  one-half-inch  wide  specimens  in  the 
one-inch  wide  jaws  and  periodically,  a specially  strained  gaged 
specimen  was  placed  in  the  grips  and  the  strains  on  opposite 
sid“s  aind  edges  monitored  during  loading  to  insure  that  eccentric 
loading  was  held  below  1%. 

Both  reduced  and  elevated  ten^erature  tests  (except 
for  the  0®  orientations  at  450 ®F)  were  conducted  in  Instron  cir- 
culating air  environmental  test  cabinets  (Figure  10) . Extra 
styrofoam  insulation  was  placed  along  the  interior  walls  of  the 
Instron  chambers  during  reduced  temperature  tests  (-67®F)  in 
order  to  reduce  coolant  (liquid  nitrogen)  consumption.  Temperature 
control  in  both  elevated  and  reduced  temperature  tests  was  main- 
tained with  Instron  oven  proportional  temperature  controllers 
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with  the  chromel/alvanel  control  therpaocouplss  positioned  directly 
adjao&Bt  to  th©  sjpecimen  gage  section*  Two  additional  thenao- 
couples  were  aiounted  one  inch  above  and  one  inch  below  the  control 
thermocouple  and  roonitored  sei^arately  to  verify  that  the  tem- 
perature of  the  entire  gage  section  was  constant  and  that  transient 
ten^erature  fluctuations  were  less  than  +2®P  around  the  setpoint 
during  elevated  temperature  tests  and  +5“F  during  reduced  tem- 
perature tests.  Figure  11  illustrates  the  position  of  the  control 
and  two  extra  nranitoring  thermocouples  along  the  gage  section  of 
a fatigue  specimen. 

The  450 “F  tests  on  the  0*  specimens  of  the  two 
polyimide  systems  utilized  a short  tube  furnace  (Figiire  12)  in 
place  of  the  Instron  environmental  cabinets . Ihis,  arrangement 
was  necessitated  by  the  inability  of  the  tab  adhesive  to  with- 
stand the  450®  tenperature  for  an  extended  time  period  {up  to 
93  hours)  at  the  high  stress  levels  required  for  the  0®  speci- 
mens. With  these  short  fTomaces  (four  inches  long  and  one  and 
one-half  inches  diameter  tube) , only  the  gage  section  of  the 
specimen  was  in  the  heated  zone.  Temperature  control  on  these 
tube  furnaces  was  maintained  with  a thermistor  actuated,  time- 
proportioning  controller  employing  a zero  crossover  switching 
triacv  and  transient  fluctuations  were  less  than  +3®P  around  the 
setpoint.  The  temperature  controlling  thermistor  was  mounted 
on  the  side  of  the  one-half- inch  wide  test  specimens  and  the 
specimen  centered  in  the  uniform  temperature  region  of  the 
furnaces.  Additionally,  two  thermocouples  were  attached  to  the 
specimen  at  a distance  of  one-half  inch  on  either  side  of  the 
thermistor  to  insure  that  the  theriaistor  was  at  the  optimum 
location.  Figure  13  presents  a typical  temperature  profile 
of  the  tube  furnaces  used  for  these  450®F  tests.  It  can  be 
seen  that  the  central  two-inch  portion  of  this  type  tiibe  furnace 
maintains  a relatively  "flat”  temperature  profile  which  is  within 
+5°F  of  the  setpoint. 
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Figure  10,  Fatigue  Specimen  Mounted  in  Instron  Grips  and 
Environmental  Cabinet. 


SETPOINT  - 450“F  with 
controlling  thermistor 
located  at  midpoint 
position. 
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3.5.7  Tensile  Creep  r— ~ — : 

Creep  teets  were  conducted  on  all  three  fiber 
orientations  at  three  ten5>eratur6S  and  at  least  three  stress 
levels.  No  creep  testa,  were  conducted  at  ■"67**P  because  of 
the  low  levels  of  creep  e^ibited  at  72 “P  and  because  of  the 
large  refrigerant  expense  for  long  term  tests.  The  same  speci- 
men design  used  in  tensile  testing  was  used  for  the  creep  tests. 
Creep  strain  measurements  were  recorded  using  one-inch  long 
strain  gages  and  were  carried  out  to  a maximum  of  500  hours, 
at  which  time,  if  a specimen  had  not  fractured,  it  was  unloaded 
and  creep  recovery  measure'^nts  recorded  for  a period  of  three 
hours.  Each  of  these  surviving  specimens  was  then  tested  for 
residual  tensile  properties  at  72 ®F.  It  will  be  noted  that  the 
creep  recovery  data  are  not  included  in  the  tabulated  summaries 
of  Section  4 . The  recovery  data  are  presented,  however,  in 
Appendix  I. 

The  creep  tests  were  carried  out  on  Arcweld  creep 
frames.  Each  frame  has  the  capacity,  through  a 20:1  counter- 
balanced lever  arm,  of  putting  loads  of  up  to  12,000  lbs.  on 
the  test  specimen.  Bach  frame  is  also  equipped  with  an  electric 
timer  and  automatic  shutoff  switch,  which  monitors  the  total 
creep  time  as  well  as  time  to  failure.  Each  frame  also  has  an 
electrically  driven  load  weight  elevato.r  and  self-aligning 
couplings . 

Two  types  of  specimen  gripping  were  employed.  All 
of  the  0®  fiber  orientations  were  gripped  with  wedge-type  jaw 
grips  as  illustrated  in  Figure  14.  The  90®  and  +45®  fiber  orien- 
tations were  drilled  in  their  doubling  tab  areas  to  accept  three 
3/16-inch  loading  pins,  as  illustrated  in  Figure  15.  These 
holes  were  carefully  aligned  axially  to  insure  that  no  eccentric 
loading  was  introduced. 

Elevated  ten^erature  tests  were  conducted  in  the 
short  tube-furnaces  described  in  the  preceding  section.  The 
furnaces  wei’e  controlled  with  a thermistor,  as  previously 
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described,  aiid  t6iaf>g^eat,ure  uni  along  the  gage  section  was 

monitored  with  two  thermocouples  mounted  one-half  inch  above  and 
below  the  thermistor  bead  (Figure  15)  to  insure  a "flat"  tea* 
perature  distribution  across  this  section.  As  in  the  fatigue 
tests,  transient  fluctuations  were  around  the  setpoint. 

Speciaens  were  stabilized  at  the  test  ten^rature  for  at  least 
two  hours  before  the  load  was  applied. 

Strain  aeasurements  were  obtained  from  one-inch 
long  strain  gages  mounted  on  the  specimen  surfaces  and  feeding 
into  a vishay  model  P-350A  digital  strair  indicator  through  a 
Vishay  model  SB-1  ten-channel  switch  and  balance  unit.  Figure 
16  illustrates  the  strain  indicator  and  switch  and  balance 
located  on  a table  in  front  of  the  creep  frames.  Also  illustrated 
here  is  a portable  temperature  monitoring  instrument  and  a 24- 
channel  switching  \init  for  thermocouple  input.  Con^nsation 
for  thermal  expansion  during  elevated  temperature  tests  was 
achieved  by  utilizing  a compensating  gage  on  a short  (about  three- 
inch)  section  of  unstressed  specimen  material  taped  to  the  gage 
section  of  the  actual  test  specimen  (Figure  17) . The  output 
from  this  compensating  gage  was  fed  into  an  adjacent,  leg  of  a 
half “bridge  circuit. 

Many  of  the  creep  specimens  were  stacked  in  a 
series  loading  arrangement  of  up  to  three  specimens  in  order  to 
increase  the  rate  of  data  acquisition.  Figure  18  Illustrates 
such  an  arrangement,  with  one  oven  moved  aside  for  greater 
clarity.  In  cases  where  one  of  the  specimens  in  a series  broke 
prior  to  the  500-hour  termination  point,  the  remaining  specimens 
were  replaced  and  new  tests  conducted. 

It  will  be  noted  in  the  tables  in  the  text,  as 
well  as  in  Appendix  I,  that  many  creep  specimens  failed  on 
loading  even  though  the  applied  stress  was  less  than  the  strength 
obtained  in  the  static  test  at  the  same  temperature.  The  only 
factor  to  which  this  can  be  attributed  is  that  the  creep  load 
was  applied  at  a considerably  more  rapid  (though  not  instanta- 
neous) rate  than  the  load  applied  during  the  static  test.  The 


Figure  16 » Strain  Indicator  and  Switch-and-Balance  Unit 

Used  for  Strain  Measurements  During  Creep  Tests. 


Figure  17 . Compensating  Gage  for  Thermal  Expansion  Compensation 
During  Creep  Tests. 
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Figure  18.  Stacking  Arrangement  for  Testing  Three  Creep 
Specimens  Simultaneously. 


reason  for  this  is  that  tlie  load  pans  on  the  creep  frames  are 
raised  and  lowered  by  a motor  driven  elevator,  which  operates 
much  more  rapidly  than  the  0.05  inch/minute  rate  utilized 
during  static  testing. 

3.5.8  Tensile  Stress  Rupture 

Stress  rupture  data  were  obtained  from  the  same 
specimens  used  for  the  creep  tests,  the  only  difference  being 
that  time-to- failure  rather  than  strain  as  a function  of  time 
was  the  measured  variable  of  interest. 

3.5.9  Specific  Heat 

Two  techniques  were  used  to  determine  specific 
heat  of  the  laminated  composite  materials.  On  the  SP313  mate- 
rial, a drop  calorimetry  technique  was  employed.  This  is  a 
relatively  simple  procedure  in  which  a san^le  is  brought  to 
thermal  equilibrium  at  a desired  temperature  and  then  trans- 
ferred adiabatically  to  a receiver  at  room  temperature.  A 
measure  of  the  heat  content  of  the  sastqple  is  then  obtained  as 
a function  of  the  corresponding  temperature  change  of  the  re- 
ceiver as  it  comes  to  thermal  equilibrium  with  the  sample.  The 
receiver  consists  of  a circular  copper  plate  housed  in  a quartz 
cylinder  and  has  three  thermocouples,  connected  in  series,  em- 
bedded in  it.  These  thermocouples  are  connected  in  series  to 
magnify  the  change  in  temperature  of  the  receiver  after  the  drop, 
as  well  as  to  insure  a good  average  temperature  indication  over 
the  entire  area  of  the  receiver  plate.  The  sample  is  also  a 
disc  shape,  only  slightly  smaller  in  diameter  than  the  receiver 
plate,  so  that  upon  dropping,  a large  contacting  surface  area 
exists  to  promote  rapid  heat  transfer  and  thermal  equilibrium. 

The  receiver  cup  has  been  calibrated  with  standards  of  known 
specific  heat  to  obtain  a relationship  between  the  receiver  cup 
ten^erature  and  its  heat  content.  The  tests  with  the  SP313  con- 
sisted of  heating  the  samples  to  the  desired  ten^^eratures  and 
dropping  them  onto  the  receiver  plate.  The  values  so  obtained 
actually  represent  specific  heat  values  at  the  average  temperature 


44 


betssjfcj^aa^^the  final  saa^le  temperatures*  24iese  data 

were  all  obtained  from  unidirectionally  reinforced  saa^les  and 
represent  averages  of  three  tests  each. 

Cn  all  of  the  other  materials,  specific  heat  was 
determined  with  a differential  scanning  calorimeter  (DSC)  tech- 
nique. This  technique  con^ares  the  rate  of  heat  input  required 
to  maintain  a constant  rate  of  temperature  rise  in  an  unknown 
san^le  to  that  required  to  maintain  the  same  rate  of  ten^erature 
rise  in  a known  reference  material  and  is  considerably  sia^ler 
and  lass  time-consuming  to  run  than  the  drop  calorimetry  tests, 

A Perkin-Elmer,  model  DSCl-B,  instrument  was  used  for  these 
determinations . 

3.5.10  Coefficient  of  Thermal  Expansion 

Thermal  expansion  was  measured  using  a quartz  tube 
dilatometer.  Both  the  apparatus  and  the  experimental  procedure 
are  described  in  ASTM  D696-70.  Low  temperature  measurements 
were  performed  by  cooling  the  specimen  to  -67“F  in  an  insulated 
chamber  and  then  allowing  the  system  to  warm  to  room  temperature 
at  a rate  controlled  by  an  electric  resistance  heater.  Elevated 
temperature  measurements  are  achieved  by  slowly  heating  the  spe- 
cimen with  a wire  wound  resistance  furnace.  In  each  case,  ex- 
pansion is  measured  continuously  throughout  the  temperature  range. 
Measurement  of  the  thermal  expansion  of  unidirectionally  rein- 
forced specimens  in  the  direction  of  the  fiber  axis  (0®)  proved 
most  tedious  because  the  expansions  were  so  minute.  For  this 
reason,  the  values  obtained,  for  this  orientation  are  reported 
as  approximately  zero.  An  optical  interferometric  technique 
would  probably  prove  more  useful  for  measurements  with  this 
orientation. 

3.5.11  Thermal  Conductivity 

Thermal  conductivity  was  measured  in  the  direction 
normal  to  the  lanunate  surface  for  both  unidirectional  and  j_45“ 
fiber  orientations . A con^arative  technique  was  employed  in 
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materials  of  knovm  conductivity.  These,  in  turn,  are  held 
firmly  between  *»  heater  and  a heat  sink.  T3ie  heat  flux  through 
this  stack  establishes  a ten^erature  gradient  which  is  measured 
with  theirmocouples  placed  on  the  upper  emd  lower  surfaces  of  3joth 
reference  plates  and  the  specimen  plate  in  small  precisely 
machined  grooves.  Radial  heat  flow  to  and  from  the  test  stack 
is  minimized  with  a cylindrical  guard  heater  in  which  a linear 
temperature  gradient,  closely  matching  that  of  the  test  stack, 
is  maintained.  A Dynatech  model  TCFCM-N20  thermal  conductivity 
instrument  was  used  for  these  measurements.  Data  points  were 
taken  at  approximately  equal  temperature  intervals  over  the 
range  of  interest  and  a "best-fit"  curve  {or  straight-line) 
plotted  through  these  data  points.  The  reported  values  in 
Section  4 were  taken  from  these  plotted  curves  at  the  specific 
temperatures.  The  maximum  scatter  of  the  individual  data  points 
on  either  side  of  the  plotted  curves  was  about  +15%  of  the 
reported  values. 

3*5.12  Glass  Transition  Temperature 

Glass  transition  temperatures  were  determined  with 
a Perkin-Elmer  Thermomechanical  Analyzer,  model  TMS-1.  This 
measurement  singly  consists  of  noting  the  temperature  at  which 
a relatively  abrupt  change  in  the  thermal  expansion  characteris- 
tics of  the  sample  occurs.  Specimens  were  run  both  "dry"  and 
"wet" , the  "wet"  condition  implying  that  the  sample  was  humidity 
aged  at  160"?  and  100%  R.H.  to  an  equilibrixim  weight  gain  prior 
to  the  determination.  Unfortunately,  there  was  no  way  to  prevent 
the  "wet"  specimen  from  drying  somewhat  during  the  test.  Hence, 
the  specimen  was  no  doubt  at  some  moisture  content  less  than 
saturation  when  the  indicated  Tg  was  observed.  Nonetheless, 
the  "wet"  values  were  lower  than  the  "dry"  values  in  every  case, 
indicating  a definite  softening  due  to  whatever  moisture  level 
still  remained  in  the  samples. 


sEcrriOK  4 

SUMMARIZED  COMPOSITE  DATA 


This  section  presents  tabulated  suiiHoaries  of  all  the  data 
generated  for  each  composite  system  evaluated  during  the  pro- 
gram. Also  presented  are  the  averaged  stress-strain,  creep, 
and  fatigue  S-N  curves  for  each  of  the  systems. 

In  addition  to  the  sxjmniarized  data  and  averaged  mechanical 
property  curves,  pertinent  observations  made  during  the  charac- 
terization of  each  material  are  discussed. 

Of  the  five  materials  systems  specified  in  Section  2 as 
having  been  selected  for  characterization  in  this  program,  only 
four  were  finally  characterized.  Testing  of  the  fifth,  the 
AS/HME  (low  flow)  graphite/epoxy,  was  terminated  early  because 
of  difficulty  in  fabricating  high  quality  laminates  with  the 
prepreg  supplied.  The  principle  problem  was  a large  variability 
in  resin  content  from  point  to  point  in  the  prepreg,  due  to 
nonuniform  resin  distribution  when  the  prepreg  was  fabricated. 

A comprehensive  study  of  this  resin  content  variability  showed 
that  prepreg  resin  contents  varied  from  as  low  as  22%  in  visibly 
resin-starved  areas  to  as  high  as  46%  in  visibly  resin-rich 
areas.  The  resin-starved  areas  of  prepreg  contributed  to  the 
development  of  large  unbonded  areas  in  the  laminate  interiors 
since  the  low  flow  characteristic  prevented  the  resin  from  the 
resin-rich  areas  from  flowing  into  the  resin-starved  areas. 

Four  panels  were  prepared  and  it  was  found  that  one-half  of  the 
specimens  were  unusable  because  of  grossly  visible  interior 
defects.  Test  results  from  the  remainder  of  the  specimens  pro- 
duced low  strength  values  for  properties  sensitive  to  porosity, 
such  as  90®  tension.  Since  replacement  of  the  prepreg  proved 
impossible,  and  also  since  further  development  work  with  this 
resin  was  anticipated  (which  might  even  alter  slightly  the 
basic  chemistry  of  the  resin) , it  was  decided  to  terminate  work 
on  this  matrix  system.  No  data  are  consequently  presented  in 
this  Section  for  the  AS/HME  graphite/epoxy  material. 
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4.1  SP313 


Tables  9-22  present  the  data  generated  for  this  graphite/ 
epoxy  con^osite  system.  Figures  19-40  illustrate  the  stress- 
strain#  fatigue#  and  creep  behavior  of  this  material#  as  well 
as  the  effects  of  humidity  aging  upon  the  composite  material. 

As  indicated  in  Section  3.5.4, ‘a  comparison  of  the  in- 
plane shear  data  obtained  from  both  the  +45**  tensile  coupon 
and  the  double  rail  shear  technique  is  presented  here.  Table 
16  presents  the  double  rail  shear  data  and  Figure  25  illustrates 
the  stress-strain  data  obtained  from  the  two  different  test 
procedures , 

It  is  readily  apparent  that  good  agreement  exists  between 
the  two  different  test  methods  except  for  the  case  in  which  a 
+45*  fiber  orientation  was  used  in  the  rail  shear  fixture.  In 
this  case,  however#  considerable  tensile  stresses  are  developed 
in  the  fibers  of  the  rail  shear  specimens  and  the  loads  necessary 
to  deform  and  fracture  the  specimen  are  considerably  higher 
than  in  the  other  three  orientations. 

It  is  interesting  to  note  that  the  strength  obtained  for 
the  0®/90*  orientation  with  the  rail  shear  test  is  almost 
exactly  equal  to  the  sum  of  strengths  obtained  with  the  0*  and 
the  90*  orientations.  The  large  differences  encountered  with 
these  different  fiber  orientations  is  traceable  to  the  different 
failure  modes  and  stresses  developed  in  the  specimens.  The  0“ 
specimens#  with  the  fibers  rvmning  parallel  to  the  load  direc- 
tion, experienced  splitting  in  the  fiber  direction  at  locations 
very  near  the  edge  of  the  gripping  rails.  For  the  type  of 
failure,  only  resin  and/or  resin-fiber  interfacial  bonds  had  to 
be  fractured.  Since  the  panel  is  clamped  in  a relatively  rigid 
fixture,  no  lateral  contraction  is  permitted  during  the  test. 

This  constraint  serves  to  develop  internal  tensile  stresses 
acting  perpendicular  to  the  load  direction.  In  a 0*  orientation 
this  is  easily  the  weakest  direction  and  failure  probably  is 
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caused  by  these  internally  developed  tensile  stresses  rather 
than  the  shear  stresses.  The  90®  specimens,  with  fibers  running 
perpendicular  to  the  load  direction  and  across  the  width  of  the 
loaded  section,  sustained  considerably  higher  loads.  When  they 
did  fail,  they  experienced  numerous  splits  again  the  fiber  direc- 
tion, but  now  at  90®  to  the  direction  of  splitting  in  the  0® 
specimens.  The  tensile  stresses  which  develop  because  of  the 
rigid  fixture  constraints  are  more  readily  bourne  by  the  90® 
orientation  because  the  fibers  cam  carry  the  load  atnd  conse- 
quently, a substantially  higher  strength  is  obtained.  The  be- 
havior of  the  0®/90®  specimen  is  essentially  a coi£?>osite  of  the 
separate  0®  eind  90®  behaviors  with  the  0°  plies  splitting  longi- 
tudinally to  cause  failure  but  the  90®  plies  carrying  sufficient 
load  to  reduce  the  internally  developed  tensile  strain  and  post- 
pone failure  to  a markedly  higher  stress  than  is  obtained  with 
0®  orientations  alone.  No  damage  was  visible  on  the  +45®  rail 
shear  specimen.  The  higher  apparent  shear  modulus  values  ob- 
tained with  the  0®  or  90®  orientations  Ccin  probably  be  attributed 
to  the  mixed  mode  stresses  induced  in  this  specimen. 
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Composite  Processing  Informatioa 

Material  System  - SF313 

Fiber  - T300  Matrix  - PR313 

Maximum  Rated  Temperature  - 350®F  Prepreg  by 

j Gyaphite/Hpoxy 

I SP313 

- 3M 

L>ainln«te  ProcessiAg  Schedule 


Leyup  Procedures  Prepreg  warmed  to  R.T.  In  closed  wrapper.  Prepreg  re» 
moved  from  package  aod  plies  cut  to  desired  sise  using  razor 
blade.  Flies  stacked  in  desired  sequence  (release  paper  removed 
from  each  ply).  Stack  placed  in  h{ini*CIave  on  sheet  of  non- 
pqrous  Teflon  and  surrounded  with  cork  dam  to  restrict  fiber 
flow.  Sheet  of  porous  Teflon  placed  on  top  of  stack  and  one  ply 
of  bleeder  paper  placed  on  toe  of  this.  One  ply  of  style  112  glass 
fabric  is  layed  over  the  bleeder  paper  and  this  is  capped  with 
another  sheet  of  non-porous  Teflon  and  a pressure  plate.  Three 
plies  of  bleeder  paper  large  enough  to  extend  over  the  cork  dam 
are  then  placed  over  the  pressure  olate  and  a silicone  rubber 
bladder  then  placed  over  the  Mini-Clave.  The  Mini-Clave  was 
placed  in  an  unheated  press  and  a nominal  1 psi  platen  pressure 
applied  to  keep  the  Mlni-Clave  closed  during  cure. 

Cure  Schedule;  Temperature  was  increased  from  R.T.  at  a rate  of  3 to 

per  minute  under  28-29  in.  Hg  vacuum.  When  the  temperature 
reached  250*^F,  80  psi  air  pressure  was  applied  above  the 
bladder.  At  260**F,  the  vacuum  under  the  bladder  was  vented 
to  the  atmosphere.  At  350°F.  the  temperature  was  held  for 
four  hours.  The  panel  was  then  cooled  under  pressure  to  below 
ISO^F  at  a rate  of  3-5®r  per  minute. 


Postcurc  Schedule:  None 


Composite  Physical  Property  Information 


Material  System  - SP313 

Fiber  - T300  Matrix  - PR313 

Maximum  Rated  Temperature  - 350°F 


Gr  aphite  / Epoxy 
Prepreg  by  <»  3M 


(Property) 


Prepreg  Physical  Properties 

(Stnd.  Dev. ) (Range)  (Test  Method)  (Ref. ) 


Volatile  Content- 0.  E3%bywt.  0.05 
Resin  Content-  39^  l%by  wt.  0.  4 
Resin  Flow-  15.  9%bywt.  0.5 
No.  of  Rolls  Involved-  5 
No.  of  E etches  Involved  - 2 


0. 14-0.  27  _3M  methods  as  described 
38.4-39,.  4 in  spec,  sheets  provided 
15.1-16.3  by  3M 


Laminate  Physical  Properties^ 


(Stnd.  Dev.  ) 


(Range)  (Test  Method)  (Ref. ) 


No.  of  Panels-  62 
Fiber  Content-  61.  2%  by  val.  3 
Resin  Content-  31.  4% by  wt.  2 
Void  Content-  =2%byvol. 
Laminate  Sp.  Gr.  - 1.55  0 

Fiber  Sp,  Gr.  - 1.70  j 

Matrix  Sp.  Gr.  - 1.27  J 

Thickness  per  ply-  0.  0054  inch 


57.4-65 

27.2-33 


.9I  jAcid 

. 9J  pigestu 


2.6  27.2-33.9j  [Digestion 

Point  count 

0.03  1.46-1.62 

As  reported  by  manufacturer. 

As  reported  by  manufacturer. 


AFML-TR 

67-243 


^The  properties  reported  here  represent  averages  for  all  panels  of  this 
material  used  throughout  the  program. 


) .001  .002  .003  .004  .005  .006  .007  .006 

STRAIN  (IN/IN)  ! 

Figure  20 , Tensile  Stress-Strain  Curves  for  Unidirectional  SP313  CoJ^rasite  ! 

Laminates:  90®  Fiber  Orientation,  i 


TABLE  12 

TENSILE  PROPERTIES  OF  SP313  COMPOSITE  LAMINATES 


COMPOSITE  MATERIAL.  PROPERTIES 


Material  System  - SP3I3  Prepreg  by  - JM  j Graphite/Epoxy 

Fiber  - T300  Matrix-  PR313  l^aminate  Sp.  Gr.  - I.S5 

Rated  Tem^raturc-  SSO^F  p,  Thi^Kness  - 0.005S  inch 

Ream  Content  - 32.  by  wt. 

Fiber  Content  - 59.5%  by  vol.  No.  of  panels  from  which  s|»ceimens 

Void  Content-  2%  by  vol.  were  tested  m this  tabic  - 5 

Thickness  of  specimens  - 8 plies 


TENSION:  + 45® 


260®F 


F;^  (ksi) 

stnd.  dev.  (ksi) 
Range  (ksi) 

No.  of  Specimens 


24. 50  20. 99 

0.36  0.39 

24.2-25.1  20.67-21.58 
5 5 


10.94 

1.04 

10.33-12.73 

5 


stnd.  dev.  (ksi) 
No.  of  Specimens 

E*  (Msi) 

stnd.  dev. 

No.  of  Soecimens 


*X"  (Min/ in) 

stnd.  dev. 

No.  of  Specimens 


11,200 


14, 200 

2,  150 
5 


28, 000 

4.500 

5 


xy 

stnd.  dev. 

No.  of  Specimens 

Test  Method 
Reference 


Straight- si 
Design 
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TABLE  13 

COMPRESSIVE  PROPERTIES  OP  SP313  COMPOSITE  LAMINATES 


COMPOSITE  htATSRIAL  PROPER  TI 


Sy«t*m  - SP313 

Film  • T300  Matrix  - PR3t3  bj 

Maximom  Ratad  Temparatara  • 3S0*’f  Larnioata  ! 

Retla  Cantant  • 31.1%  by  wt.  Avaraga  P 

"Flbar  Coatant  - *0-  **  bjr  vol.  of  pan 

Void  Contant  ^ I . by  vol.  wara  tasta 


P.'aptac  by  -IM 
Larniaata  Sp.  Cr.  - t.$S 
Avaraga  Ply  Thtcknesa  • 0.  QOSS  is. 
Mo.  of  paaala  from  which  spaeiinaBii 
wara  tastad  ia  tlua  tabla  • 1 
‘niicloiata  of  each  type  epaclmea: 
0°>U  pUaa;  Vfl-14  gUae 


COMPRESSION:  90 


ZZ.  9-32.3 
6 


Ultimate  itrain  Talaa*  E«pr«a«at  maximum  obvarved  itraia  rativar  than 
ultixnatr 'valnai.  Buckling  waa  oba«rrtd  ia  majority  of  t«at»a 

U raeognLaad  that  thi*  vakia  appaari  ahnosmnUy  hi|^.  but  it  a«y«rth«< 
!•••  tr«a  oblaload  in  c«m«  manaar  ai  fha  ottiar  rmluM  and  tn«r«  tma 
T«rf  UttU  scattar  ia  Ui«  flTO  v«laa$« 
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STRAIN  (IN/IN) 

Figure  22.  Compressive  Stress-Strain  Curves  for  Unidirectional 
SP313  Composite  Laminates:  0®  Fiber  Orientation. 


Material  System  - SP3l3 
Fiber  - T300  Matrix 

Maximum  Rated  Temperature 
Resin  Content  - 32.  67*  by  wt. 
Fiber  Content  - 59.  3%  by  vol 
Void  Content  - 2%  by  voL 


COMPOSITK  MATiiltlAL  PROPERTIES 


I - SP313  Prepreg  by  - 3M 


PR313 

ISO^F 


I^aminatc  Sp.  Gr*  - 1. 58 
Average  Ply  Thickness  - 0-  0053  inch 
No.  of  panels  from  which  specimens 
were  tested  in  this  table  • 2 
Thtekness  of  each  type  specimen: 
0®-l4  plies;  90®-l4  plies 


FLEXURE 


-67®F. 


260®F 


350®F 


(ksi) 

190.0 

200,7 

135.7 

96.4 

stnd.  dev.  (ksi) 

23.0 

26.6 

19.0 

12.5 

Range  (ksi) 

156.4-209.8 

176.  7-233.2 

113. 8-159.6 

87.0-117.9 

No.  of'Spccimens 

5 

5 

5 

5 

(Msi) 

17.63 

17.  77 

17.33 

16.  29 

stnd.  dev. 

0.  52 

0.  76 

0.65 

0. 63 

No.  of  Specimens 

' 

5 

5 

1 

5 

5 

Test  Method 

Reference 

1 

4 pt.  flexure 

Design  Guide 

Jan.,  1971 

FLEXURE:  90° 

1 

stnd.  dev.  (ksi) 
Range  (ksi) 

No.  of  Specimens 

Ey  (Msil 

stnd.  dev. 

No.  of  Specimens 


11.24 

10.66 

6.50 

4.  82 

0. 60 

10.46-11,89 

5 

0.  77 

9.47-11.34 

5 

0.  75 

5.37-7.  47 

5 

0.  23 

4, 46-5. 06 

5 

1.46 

1.36 

1.12 

0. 95 

0. 05 

0.  06 

0.07 

0.05 

5 

5 

5 

5 

4 pt.  flexure 

Design  Guide 

Jan.,  I97t 

Test  Method 
Reference 


TABLE  15 

SHEAR  PROPERTIES  OP  SP313  COMPOSITE  LAMINATES 


COMPOSITE  MATERIAL  PROPERTIES 


Material  System  - SP313 
Fiber  - T300  Matrix  - PR313 

Maximum  Rated  Temperature  -350°E 
Resin  Content  32.8%  by  wt. 

Fiber  Content  - 59.2%  by  vol. 

Void  Content  - 2%  by  vol. 


su 

Fxy 

Stnd.  Dev.  (ksi) 
Range  (ksi) 

No.  of  Specimens 

G*y  (Msl) 

Stnd.  Dev.  (Msi) 
No.  of  Specimens 

Test  Method 
Reference 


i Graphite/  Epoxy 
Prepreg  by  - 3M 
Laminate  Sp.  Gr.  - 1.55 
Nominal  Ply  Thickness  -0.0054  in. 
No.  of  panels  from  which  specimens 
were  tested  in  this  table  -6 
Thickness  of  specimens  - 8 ply 


INPLANE  SHEAR:  0* 


.67°F 


72°F 


260*F 


7.56 

0.13 

7.26-7.78 

5 

0.61 

0.02 

5 


350"F 


5.47 

0.52 

5.17-6.36 

5 

0.53 

0.01 

5 


5®  straight-sided  tension 

2 & vol.  7,  p.  124-] 


INTERLAMINAR  SHEAR;  0® 


pisu 

(ksi) 

Stnd.  Dev. 

(ksi) 

Range 

(ksi) 

No.  of  Specimens 

Test  Method 

Reference 

STRAIN  (IN/(N) 

Figure  24  . inplane  Shear  Stress-Strain  Curves  for  SP313 
Composite  Laminates. 
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TABLE  16 

ENPLANE  SHEAR  PROPERTIES  OF  SP313  COMPOSITE  LAMINATES 


COMPOSITE  MATERIAL  PROPERTIIS 


Material  System  - SP3I3 
Fiber  - T300  Matrix  - PR313 
Maximom  Rated  Temperature  - 3! 
Resia  Content  - 27. 86%  by  wt. 

Fiber  Content  - 65.  45%  by  vol. 

Void  Content  - ^%  by  vol. 


3E0*F 


Prepreg  by  - 3M  j Grapbite/Epoary 

Laminate  Sp.  Gr.  ' 1.56 
Nominal  Ply  Thickness  - 0. 0054  inch 
Mo.  of  panels  from  which  specimens 
were  tested  in  this  table  - 9 


Txy  (ksi) 

stnd.  dev.  (ksi) 
No.  of  Specimens 

(Msi) 

stud.  dev.  {Msi} 
No.  of  Specimens 


Inplane  Shear:  0”  {fiber  parallel  to  load  direction) 


-67<‘F  72®F  26o'=*F 


350®F 


90®  (fiber  perpendicular  to  lead  direction) 


6.65 

5.24 

0.17 

0.25 

6 

6 

0.72 

0.  58 

0.08 

0.04 

6 

3 

T;;y  (ksi) 

stnd.  dev.  (ksi) 
No.  of  Specimens 

(Msi) 

stnd.  dev.  (Msi) 
No.  of  Specimens 


stnd.  dev.  (ksi) 
No.  of  Specimens 

(Msi) 

stnd.  dev.  (Msi) 
No.  of  Specimens 


Test  Method 
Reference 


Rail  Shear  (3  rail) 

Proposfl  ASTM  test.  Method  3 
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Figure  25.  Inplane  Shear  Stress-Strain  Curves  for  SP313  CoK®)03ite 
Laminates  from  -♦■45®  Tensile  Coupon  and  Double  Rail 
Shear  Panels  of  0®,  90®,  0®/90®,  and  +45®  Fiber 
Orientations  at  72 ®F. 
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Figure  26,  Tensile-Tensile  Fatigue  Behavior  of  Unidirectional  SP313  Con^oslte 
Laminates  at  -67 ®P:  0®  Fiber  Orientation,  R»0.10,  30  Hz. 


Figure  29.  Tensile-Tensile  Fatigue  Behavior  of  Unidirectional  SP313  Composite 
Laminates  at  350 °F:  0®  Fiber  Orientation,  R*=0.10,  30  Hz. 
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Figure  31.  Tensile-Tensile  Fatigue  Behavior  of  Onidirectional  SP313  Coir?>osite 
Laminates  at  72"F:  90®  Fiber  Orientation,  R=0.10,  30  Hz. 
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Figure  33.  Tensile -Tensile  Fatigue  Behavior  of  Unidirectional  SF313  Composite 
Laminates  at  350 ®P:  90®  Fiber  Orientation,  R«0.10,  30  Hz. 


J 


TABLK  18 

CREEP  PROPERTIES  OF  SP313  COMPOSITE  LAMINATES 


Natwi  All  ralu«(  arltiimatlc  »r»r*gt.  All  c««Ma«l  dataRnfmad  Uf  taaalla  taat  at  7Z*F. 

t.  r»ar  fpactmaaa  latlad  an  laadiaf  nr  darlnn  taat.  4.  Ova  anaeL  lan  fatlad  M or  durbia  teat. 

2.  Two  apaelmaaa  faltad  an  loadln*  or  darlai;  teat,'  I.  EseataWa  ateagattea  of  afwolmana  casaad  craelitog  of 

J.  Thraa  apaelmana  fallad  on  toadlng  or  daring  teat,  aarfaea  |iUaa,  which  In  t«»a,  ladaead  braaka  to  atrate 

gaga  at  atrataa  of  about  ZO.OOOn  In/ia. 


f8.9  KSi 


!6.8  KSi 
14.7  KSI 


7Z*f 


i3.5  KSi  (SPECIMENS  SURVIVED  500  HR. 

WITHOUT  FAILURE  BUT  STRAIN  260*  F 

SAGES  WERE  LOST  ) , 

I ] 4 12.0  KS! 

-H ^ — —*^10.5  KSI 


soooo 

2 

< 

oz 

« 40000 


30000 


20000 


iOOOO 


150  *F 


7.66  KSI 


T' 


4.37  KSI 


(SPECIMENS  SURVIVED  500  HR. 
WITHOUT  FAILURE  BUT  STRAIN 
GAGES  WERE  LOST) 


2.19  KSI 


0 100  200  300  400  500 

TIME  (HRS) 

Figure  37.  Tensile  Creep  Behavior  of  Bidirectional  SP313 
Composite  Laminates;  +45®  Fiber  Orientation. 
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No  falluroii  within  SOO  hours . 

Avorag*  of  ono  failure  and  two  SOO^'hoor  eurvlvaU. 
Average  of  two  failures  and  one  500-hour  sorvivaU 
Three  failures. 
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TABLE  20 

THERMOPHYSICAL  PROPERTIES  OF  SP313 
COMPOSITE  LAMINATES 


C0H70SITB  MATERIAL  PROPERTIES 


MateriAl  Sy>tea  - SP3I3  pr«pr«g  by  - 3H 

PiiMir  - T300  Matrix  - PS313 

Haxinum  Temparatura  Rating  > 350*F  Laminate  Sp. 
Saain  Content  - 3S.34«  by  wt.  Average  Ply 

Fiber  Content  - 57.00%  by  vol.  so.  of  panel 

Void  Content  - *2%  by  vol.  ware  tested 

Thlcicness  of  each  type  specimen:  Therm.  Exp.- 


Lamlnate  Sp.  Or.  -1.S3 
Average  Ply  Thicknesa  inch 

Mo.  of  panels  front  which  specimens 
ware  tested  in  this  table  >•  5 
Therm.  Exp. *40  ply  Spec. Bt. -20  ply 
Therm.  Cond.-J.6  ply  Slass  Trans. -14  plj 


TBEEMOPHYSICAL  PROPERTIES:  0 


-67«F 


Thermal  Expansion 
aj{(  11  in/in- “F) 

Oy (uin/in-“F} 

Ho.  Of  Specimens 
per  direction 

Specific  Beat 

Cp  (btu/lb.-«F) 

Bo.  of  Specimens 

Thermal  Conductivity 
kj  (btu-ft/ft2-hr-*F: 

Ho.  of  Specimens 

Glass  Transition  Temp. 
Dry  (‘F) 

Wet  (‘F) 


Hone  observed  from  -67"F  to  450“F 
250*F 


THERMOPHYSIC-AL  PROPERTIES:  +45* 


Thermal  Expansion 
Oj^(vin/in-®F) 

Ho.  of  Specimens 
per  direction 


Thermal  Conductivity 
k-  (btu-ft/ft^-hr 


kg  (btu-ft/ft^-hr-'F 
Ho.  of  Specimens 


1.81 

1.94 

1.94 

3 

3 

3 

0.23 

0.27 

0.33 

3 

3 

3 

Note:  On  unidirectionally  reinforced  specimens,  the  x-dlrection  is  along 
the  fiber  axis,  the  y-direction  is  across  the  fiber  axis,  and  the 
2-direction  is  through  the  thickness  (identical  to  y-direction) . 

On  ^45®  bidirectionally  reinforced  specimens,  the  x and  y directions 
are~identlcal  and  oriented  at  45®  to  either  fiber  direction,  while 
the  2-direction  is  through  the  thickness. 

^Values  obtained  by  dropping  sample  from  noted  temperature  to  72 'F 
receiver. 


TABLE  21 

TENSILE  PROPERTIES  OP  SP313  COMPOSITE  LAMINATES 
AFTER  HUMIDITY  AGING 


COMPOSITE  MATS3UA1,  PS.OP£RTt£S 

Maturtal  Syeiom 

. SP313 

Priq»««  by  - 3M 

i'ihtt  - T300 

Matrix  . PK313 

Lunloate  Sp.  Cr . - 1 . $s 

Maximum  Rated  Temperature  - 350^ 

Average  Ply  Thickneec  - o.  0D5S  Inch 

Revia  Content  - 

32.  3%  by  wt. 

No.  of  panel*  from  x^bicb  specinMae 

jfiber  Content  - 

60. 3%  by  vol. 

urere  tested  in  thie  table  - 1 5 

Void  CoiUent  - 

42%  by  voL 

A«U>c  Candltieiu  • )6<t*F.  100%  &.H. 

TMcfo*..  oT m<£  cyp.  •p.clBiw: 

pU.«;  ^S®-»  pUw 

2x{>o»uro  Timt  (hr*) 

04ia  of  Ol'ig*  4ry  wt. ) 
^nd.  0«v.  (%) 

No*  of  Specimooa 


StAd*  Oov.  (kii) 
Roag*  (kMi) 
No*  of  Spocimeas 


Stttd*  D«v« 

No*  of  Spccimana 


Stkd.  Dov. 

Ho*  of  Spocimeao 

(n  tn/U) 

Stad.  t>«v. 

No.  of  Spooimoot 

Test  Method 
Roferonce 


Kxpoeure  Tim*  (hrs) 
eight  Oeia  {%  of  orig.  dr/  wt. ) 
Stud.  Dav.  (%) 

No*  of  Specimen* 


r”  (kel) 

Stad.  Dev.  (hsl) 

aooge  (ksi) 

No.  of  Speclmeoe 

rj*'  0»i) 

Stod*  Dev, 

No*  of  Specimen* 

(M«i) 

Stnd*  Dev. 

No,  ofSpeelmeA* 

ejj*  (p  In/ln) 

Stnd*  Dev. 

No.  of  Specimeae 

Test  Method 
Reference 


TiaraioN.-  90® 


72®r 


Streight^tided  teaeioa 
Deeigo  Guide 


T£NSK>N; 


0.4 

21.3.22*1 

5 


1.0 

13.3-15.9 

5 


20.9-21.8 

S 


0.  s 

12*7.14.1 

S 


>20, COO* 


>25,000^ 

2 


Straight-eldod  teneloa 


1*  100%  eetufotiott  ^evel  at  egiag  cocdltlone* 

2>  Surface  pUoe  esaehod  at  about  80%  of  ulttmate  load,  brcaklAg  gegei 


.001  .002  .003  .004  .005  .006  .007  .008 

STRAIN  (IN./ IN.) 

Figure  38.  Tensile  Stress-Strain  Curves  for  Unidirectional  SP313  Composite  Laminates 
After  Humidity  Aging  at  160®F  and  100%  R.H, : 90®  Fiber  Orientation. 
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TABLE  22 

SHEAR  PROPERTIES  OF  SP313  COMPOSITE  LAMINATES 
AFTER  HUMIDITY  AGING 


Mkterlkl  Syttem  - SP313 
Fib«r  - T300  MatrU  . PR513 
Mkximiun  Rate4  Tsm|>crilur«  - 350“F 
Ke«ia  Contest  » 32. 1 % by  'wt. 

Fiber  Content  - 59. 9%  by  vol. 

Voia  Content  - -2%  by  vol. 


composite  material,  properties 

Prepref  by  • 3M 


Grnphttc/Ep 


Laminate  Sp.  Gr.  - 1. 55 
Average  Ply  Tbickneee  • 0.0052  ineb 
No.  of  pane]*  from  which  apeebnea* 
were  teaced  in  tMs  taUa  • b 
AginK  Condition*  - 160®F.  100%R.R. 

Thiciuie**  of  each  type  speelmca: 

Inplan*  *hear-8  pUe«:  Interlaminar  ahear-l6  plies 


INPIANE  SHEAR 


1 

Test  Temp«ratur« 

72®F 

260®F 

72®r 

260*F 

Exposure  Time  (hr*) 

48 

48 

1512 

1536 

Weight  Gaia  (H  of  orig.  dry  wt. ) 

o.ai 

0.81 

1.  55‘ 

1.59* 

Stnd.  Oev. 

0.02 

0.05 

0.04 

0.04 

No.  of  Specimeof 

5 

5 

S 

5 

•tt 

Stnd.  Oev«  (k*l) 

10.82 

7.35 

10.5 

6.7 

0.2 

0.48 

0.1 

0.3 

Banga  (k*l) 

10.45-11.05 

6.4S.7.9S 

lO.S-10.9 

6.4-7.  t 

NOe  of  Specimens 

5 

5 

5 

5 

G^y  (Msi) 

0.74 

0.  55 

0.75 

0.46 

stnd.  Dev. 

0.05 

O.OS 

O.OS 

O.OS 

No.  of  Specimen* 

S 

4 

5 

4 

_t45*  »tr*tght-»ided  teneloa 
J.  Ci^p.  MUe.  [V6.  p252  I.  V7,  pl24} 


INTERLAMINAR  SHEAR 


Te*t  Temperature 

72°r 

260°F 

72®F 

260®F 

Exposure  Time  0)rs) 

504 

504 

1870 

1870 

Weight  Gain  (%  of  orig.  dry  «t.  ) 

0.  74 

0.  77 

1.67* 

1.78* 

Stnd.  Dev.  (%) 

0.08 

0.05 

0.12 

0.14 

No.  of  Specimen* 

5 

5 

5 

5 

f‘*“  (K*l) 

12.19 

6.64 

9. 95 

6.02 

Stnd.  Dev.  (k>i) 

0.41 

0.12 

0.  34 

0.11 

Renge 

11.71-12.66 

6. 45-6.  78 

9. 44-10.25 

5.83-6.11 

No.  of  Specimens 

5 

$ 

5 

5 

Test  Method 
Reference 


Short  Beam  Shear 
Dceiga  Guide  - Jan.,  1971 


1.  lOOS  saturation  level  at  aging  condition*. 


4 . 2 AS/ 3004 

Tables  2 3“ 35  present  the  data  generated  for  this  graphite/ 
polysulfone  composite  system.  Figures  41-64  illustrate  the  stress- 
strain,  fatigue,  and  creep  behavior  of  the  material,  as  well  as 
the  effect  of  humidity  aging  upon  the  coaposite  material.  There 
are  two  points  of  particular  interest  worthy  of  special  mention 
in  the  discussion  of  this  matrix  system. 

Firstly,  the  large  deformations  undergone  by  the  +45“  spe- 
cimens resulted  in  so  much  energy  dissipation  through  internal 
friction  that  the  stress  levels  at  which  the  cyclic  fatigue 
loadings  were  conducted  had  to  be  significantly  reduced.  It  was 
found  that  the  maximum  cyclic  stress  had  to  be  kept  at  or  below 
about  20%  of  the  static  ultimate  in  order  to  prevent  the  speci- 
men from  self-heating  to  a higher  temperature  than  the  test  tem- 
perature. Specimen  temperature  was  measured  with  a thermocouple 
taped  to  the  side  of  the  specimen  and  excursions  of  over  300 “P 
above  the  test  teiaperature  were  observed  on  a few  specimens 
loaded  to  only  30%  of  static  ultimate.  It  was  found  that  a 
relatively  narrow  region  of  between  20%  and  25%  of  static  ulti- 
mate comprises  the  initial  transition  region,  below  which  no 
self-heating  occurs  and  fatigue  life  generally  exceeds  10^  cycles 
and  above  which,  considerable  self-heating  occurs  and  fatigue 
life  drops  markedly.  One  specimen  was  tested  at  only  10  Hz 
rather  than  30  Hz  frequency  to  see  if  this  had  any  effect  upon 
the  self-heating  behavior  of  the  material.  This  10  Hz  test  was 
conducted  with  a maximum  cyclic  stress  level  of  30%  of  the  static 
ultimate  strength.  In  comparison  with  a 30  Hz  test,  also  at  30% 
static  ultimate,  the  10  Hz  test  produced  less  self-heating  and 
a longer  fatigue  life.  The  reduction  in  self-heating  was  quite 
marked,  with  the  temperature  rise  of  the  10  Hz  specimen  being 
only  one-third  as  great  as  that  of  the  30  Hz  specimen  (see  data 
in  Figure  56) . In  spite  of  this,  the  specimen  temperature  still 
rose  95 “F  above  the  test  temperature  and  it  seems  that  a con- 
siderably lower  cyclic  frequency  than  10  Hz  must  be  used  in  order 
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to  a^port  this  ^heiioaena  at  eyelic  stresses  above  20%  of  static 
ultimate  on  +45®  poiysulfone  matrix  coioposites.  All  of  the 
temperature  c^asurements  made  during  the  fatigue  tests  on  this 
material  are  summarized  in  Figure  56  and  presented  in  detail 
in  impend! X H. 

Self-heating  has  been  observed  in  fatigue  tests  on  the 
+45“  orientations  with  the  other  con?)osite  materials  characterized 
during  this  program  but  to  a much  lesser  extent  and  only  at  con- 
siderably higher  cyclic  stress  levels.  This  difference  is  no 
doubt  due  to  the  significantly  smaller  plastic  deformations  ex- 
hibited by  the  thermosetting  matrices  since  the  cyclic  strain 
levels  at  which  self-heating  commences  are  con^arable  to  the 
AS/ 300 4 system. 

The  second  point  to  be  mentioned  with  regard  to  the  AS/ 3004 
composite  system  is  the  very  low  flow  which  occurs  during  the 
laminate  consolidation  or  “cure"  schedule.  Since  the  matrix 
resin  is  an  already  fully  polymerized  thermoplastic  material, 
the  consolidation  process  merely  serves  to  resoften  the  resin 
so  the  plies  will  become  integrally  bonded  to  each  other.  The 
resin  does  not  liquify  during  this  process  and  practically  no 
flow  occurs.  This  represents  a distinct  processing  advantage. 
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TAB1.E  23 

PROCESSING  DATA  FOR  AS/3004  SYSTEM 


Composite  Processing  Information 

Material  System  - AS/3004 

Fiber  - AS  Matrix  - PI  700 

Maximum  Rated  Temperature  - 250°F  Prepreg  by 

Cra^^ite/ 

^lysulfone 
- Hercules 

Processing  Sc1ie<3ule 


Prepreg  Drying  Procedures  Cut  prepreg  to  desired  sise  and  quantity. 

Remove  release  paper  and  place  prepreg  pieces  in  a 2S0'>275^F  cir- 
culating air  oven  and  dry  for  a minimum  of  four  boars.  Extra  drying 
time  is  not  detrimental  to  the  prepreg. 

Layup  Procedure;  Use  a three-sided  steel  mold  of  appropriate  size.  Clean 
mold  and  coat  with  release  agent  such  as  Frekote  33.  Release  agent 
must  be  capable  of  withstanding  675*F  mold  temperature.  Bake 
release  treated  mold  per  manufacturer’s  instructions.  Place  dried 
prepreg  in  mold  with  a release  ply  on  either  side  of  the  stack  between 
the  mold  and  the  prepreg.  Use  either  Teflon  film  or  Teflon  coated 
glass  fabric,  depending  on  whether  a smooth-glossy  or  matte  surface 
is  desired.  ! 

Consolidation  Procedure;  Preheat  the  press  to  675®F  (a  higher  temperature 
may  be  necessary  depending  on  mold  size  and  mass}.  Place  mold  in 
the  preheated  press  and  apply  contact  pressure  (about  15  psi).  When 
the  laminate  reaches  650®F  (as  indicated  by  a thermocouple  touching 
the  edge  of  the  prepreg  stack),  apply  250  psi  and  hold  for  IS  minutes. 
Cool  the  laminate  slowly  (about  5°F/minute)  to  below  I 50®F  before 
releasing  pressure  and  removing  from  press. 

Postcure  Schedule:  None. 
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24 


PREPREG  AND  COMPOSITE  PHYSICAI.  PROPERTIES  :AS/3004 


Composite  Physical  Property  Informatloa 


Material  System  - AS/ 3004 

Fiber  - AS  Matrix  - Pi  700 

Maximum  Rate4  Temperature  - 250®F 


Graphite/  Poly  suHoae 


Prepreg  by  - Hercules 


{Property) 


Volatile  Context:- 4.  79%by  wt. 
Resin  Coateat-37. 63%by  wt. 
Resin  Flow-  Not  Applicable 
No.  of  Rolls  Involved-  4 
No.  of  Br.tches  Involved  - 1 


Prepreg  Physical  Properties 
{Stnd.  Dev.  ) (Range) 

0.42 
2.34 


(Test  Method)  {Ref.  ) 


4.31-5.34  HS-SG- 500/232  Hercules 
35. 48-40.  75  HD-SG-2-6006C  Hercules 
C5.2.6,P) 


Laminate  Physical  Properties^ 


(Stnd.  Dev. ) 

(Range)  (Test  Method)  (Ref.) 

No.  of  Panels  - 56 

Fiber  Content-  57. 17%by  vol. 

1.72 

52.67Aa3SyHD-SG.2-6006C  Hercvdes 

Resin  Content-33.64%hy  wt. 

1.  55 

3a80d&13”  (5.2.6,F) 

Void  Content-  1. 12%  by  voL, 

0.  91 

0*3.  51  Grid  pt.  count 

Laminate  Sp.  Gr.  " 1.53 

0.02 

1.5C-1.  56 

Fiber  Sp.  Or.-  1.78 

As  reported  by  manufacturer. 

Matrix  Sp.  Gr.  - 1.24 

As  reported  by  manufacturer. 

Thickness  per  ply-0.0055  in. 

0.0002  In. 

C.  0051-0.  0058  - — 

The  properties  reported  here  represent  averages  for  all  panels  of  this 
material  used  throughout  the  program. 
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TEUSIJM  PBOPESTIES  OF  AS/3004  OOSPOSr&g 
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TABLE  26 

TENSILE  PROPERTIES  OF  AS/ 3004  COMPOSITE  LAMINATES 


COMPOSITE  MATERIAL  PROPERTIES 


M»teria.I  Sy  • AS/ 3004 
Fiber  - AS  Matrix  - PI  700 

Maximum  Rated  Temperature  • 250*r 
Resia  Content  • 33. 9%  by  wt. 

Fiber  Content  - S7. 2%  by  voL 
Void  Contest  • 0. 4%  by  voL 


Prepreg  by  - Hercnie*  jsraphtte/Pelyeuifoni 
Laminate  Sp.  Or.  - 1 . 54 
Average  Ply  Thicknese  - O.OOS4  inch 


No.  ot  panela  from  which  epecimena 
were  tested  in  this  table  • b 

Thickness  of  spccimsn  • 3 pljr 


TENSION:  + 45® 


67»r 

72®F 

180®F 

2S0«F 

ttl 

f”  Ck«i> 

41.62 

31.93 

27.76 

24.  30 

stnd.  dev.  (ksi) 

2. 05 

1.79 

2.09 

0.70 

Range  (ksi) 

38.05-43.12 

29.  96  - 34.87 

25.  09-30.04 

23.  53-25.14 

No.  of  Specimens 

5 

S 

5 

5 

F^f^  (ksi) 

4.97 

3.94 

3.  97 

3.13 

stnd.  dev.  (ksi) 

0.  75 

0.  38 

0.23 

0.46 

No.  of  Speclmeoa 

5 

S 

6 

5 

(Msi) 

2.  00 

1.98 

1.93 

1.84 

stnd.  dev. 

0. 07 

0. 11 

0.05 

0.09 

No.  of  Seecirnans 

S 

5 

5 

5 

(Min/ in) 

>19,500^ 

>40,000* 

>40, 600* 

>41,600* 

otnd.  dev. 

mmm 

No.  of  Specimens 

5 

5 

5 

5 

xy 

0.81 

0.75 

0.  86 

0.81 

stnd,  dev. 

0.06 

0.  13 

0.05 

0.07 

No.  of  Specimens 

4 

5 

5 

5 

Teat  Method 
Reference 


Straight-Sided  Tension 
Design  Guide 


J-’’ Js  J I V.  ^ Ji' itA  <.  £ d . 


STRAIN  (IN/ IN) 

Figure  43.  Tensile  Stress-Strain  Curves  for  Bidirectional  AS/3004  Composite 
Laminates:  +45°  Fiber  Orientation. 


TABLE  27 


COMPRESSIVE  PROPERTIES  OF  AS/3004  COMPOSITE  X^MINATES 


COMPOSITE  MATERIAL  PROPERTIES 

Sy*t*m  - AS/ 3004  I Gr»T>htt«/yQhr«ttlfoaii»' 

Ftliw  - AS  M*trU  - P1700  Pr«pr«*  by  - H«re<a«» 

Maximum  Sated  Tamperntar*  - ZSO^F  Laminate  Sp,  Or.  - i.S4 

Seaia  Content  - J3.  1%  by  let.  Average  Ply  TbicVnese  -0.  0052  Uu 

Fiber  Content  - 57. 9%  by  vol.  jjo,  panel*  from  whicb  specimen* 

Void  Content  - * 0 were  tested  in  this  table  - 2 

Thlcfcaesr  of  jpecimeas  *20  ply 
COMPRE^IOW  ; 0°  


r*  (ksi) 

■tnd.  dev.  (kat) 

Saage  (kstj 

No.  of  Specimen* 
cpl 

S', 

stttd.  dev. 

No.  of  Specimen* 


“X 

stnd.  dev. 

No.  of  Specimen* 


c 0^  In/in) 

X 

*tnd.  dev. 

No.  of  Specimen* 


Test  Method 
Reference 


(ktl) 

stnd.  dev.  (ksl) 

Range  (ksl) 

No.  of  Specimens 
cpl 

Fy  (ksl) 

stnd.  dev. 

No.  of  Specimens 

Ey  (Msi) 

stnd.  dev. 

No.  of  Specimens 

(P  in/in) 

stnd,  dev. 

No.  of  Specimens 


fest  Method 
Reference 


72“F 

ISO^F 

147.9 

102.1 

102.6 

2.6 

tO.8 

13.4 

143.2449.6 

638  - lia3 

91.9-l2S.i 

S 

5 

5 

76.0 

33.4 

69.9 

16.8 

24.7 

28.3 

S 

5 

5 

18-7 

17,3 

18.1 

3.0 

0.5 

0.9 

5 

5 

1 5 

8.500 

6,300 

6,000 

1,600 

1,200 

1,400 

5 

5 

5 

2S0**F 

90.2 

11.2 

V3.8-IOS.O 

5 


Celanese  coupon  and  test  fixture 
AFML-TR-72.20S,  Pt.  1 


31.8 

tB.9 

15.3 

13.4 

2.0 

1.5 

0.7 

1.3 

29. 9>34.0 

16.8-20.7 

14.8-16.5 

11.3-14.8 

5 

5 

5 

5 

16.5 

7.9 

8.7 

4.9 

7.8 

2.8 

2.8 

0.9 

5 

4 

5 

5 

1.22 

1.60 

1.21 

1.33 

0. 07 

0.  32 

0.25 

0.34 

5 

5 

5 

5 

47,000 

II.900I 

38,400 

37,  000 

18,000 

5,000 

32.  900 

18,000 

5 

4 

5 

5 

Celanese  cenipon  and  test  fixtore 
ArML-Ta.72'.2'0S',  3>t.  1 

Ultimate  strain  values  represent  maximum  observed  strain  rather  than  ultimate 
valuee.  Buckling  was  observed  in  majority  of  tests. 


STRAIN  (IN/IN) 

Figure  45.  Compressive  Stress-Strain  Curves  for  Unidirectional  AS/3004 
Composite  Laminates:  90 ^ Fiber  Orientation. 


TABLE  23 

FLEXURAL  PROPERTIES  OF  AS/ 3004  COMPOSITE  LAMINATES 


COMPOSITE  MATERUt,  PROPERTIES 


Material  System  - AS/3004 
Fiber  - AS  Matrix  - Pi700 

Maximum  Rata4  Temperature  - 2S0^F 
Resin  Content  - 32.  9%  by  ert. 

Fiber  Content  - $7.  7%  by  voL 
Void  Content  - I,  S%  by  vol. 


FLEXURE 


-A7«F 


rj*  (kai) 

stod.  der.  (ksl) 
Range  (ksl) 

Ho.  of  Specimens 
f 

Ejj  (Msi) 

ftnd.  dee. 

Ho.  of  Specimens 


Prepreg  by  > Hercules  Craphite/ 

PolYsolfoae 

I.aminate  Sp.  Cr.  • 1. 52 
Average  Ply  Thickness  • 0.0056  Iscb 
Ho.  of  panels  from  which  specimens 
were  tested  in  this  table  • 4 
Thleknecs  of  specimens  >14  ply 


! 0® 


135.2 

3.2 

129.9-138.2 

5 


Test  Method 
Reference 


FLEXUREt  90® 


stnd.  dev 


Ho.  of  Specimens 


stnd.  dev. 

Ho.  of  Specimens 


Tost  Method 
Reference 


11.33 

10.11 

1.53 

0.72 

9.  38-12.96 

3.88-10. 69 

5 

5 

1.17 

l.QS 

0.09 

0.01 

5 

lire 

Jan..  1971 

5 

TABLE  29 

SHEAR  PROPERTIES  OFAS/3004  COMPOSITE  LAMINATES 


COMPOSITE  MATERIAL  PROPERTIES 


SyMem  - AS/3004 
Fiber  - AS  Mmtrlx  > Pi  700 

Mucimum  Rated  Temperature  • 250^F 
Reala  Cooteat  • 33.  6%  by  wt. 

Fiber  Content  - 57.  4%  by  voL, 

Void  Cooteat  • 1.  0%  by  vol. 


(kai) 

ftod.  dev.  (kai) 
Range 

No.  ei  Specimeaa 
O*  (Mai) 

•*y 

atad.  dev.  (Mai) 
No.  e£  Specimeaa 

Test  Method 
Reference 


5tnd.  Dev,  fksl) 
Range  (kai) 

No.  of  Specimena 

Test  Method 
Reference 


I Graphite/Pohraulfoaej 
Prepreg  by  > Hereolea 
Laminate  Sp.  Cr.  •>  1.  53 
Average  Ply  Tbicknesa  > 0. 0054  la. 
No.  of  paaela  from  ^iriuch  apectmeaa 
were  tested  in  this  table  - 9 
Tblckneaa  of  each  type  specimen'* 
Iaplaoe-3  ply;  Interlaminar- 14  ply 


INPLANE  SHEAR 


250°F 


20.81  15.97  13.88  12.15 

0.99  1. 00  1.04  0.35 

19.03-21. 56  14.98-17.44  12.55-15.02  11.77-12.57 

5 5 5 5 


Stralght-eided  Tension 
J.  Comp.  Mtls  [Vol.  6,  pi  2 52  fc  Vol,  7,- pJ24j 


INTERLAMINAR  SHEAR 


1.0 

11.9-15.3 

9 


11.6 

9.6 

1.0 

0.5 

10.2-13.3 

o 

• 

o 

•-e 

» 

00 

9 

10 

0.5 
7. 9-9. 6 
7 


Sibort  Bevn  SBear*  S/DM 
Design  Guide.  Jen.  . 19*71 


STRAIN  (IN/ IN) 

Figure  46.  Inplane  Shear  Stress-Strain  Curves  for  AS/3004  Composite  Laminates 
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Figure  48.  Tensile-Tensile  Fatigue  Behavior  of  Unidirectional  AS/3004  Coit^tosite 
Laminates  at  72*P:  0*  Fiber  Orientation,  R»=0.10,  30  Hz. 


Tensile-Tensile  Fatigue  Behavior  of  Unidirectional  AS/3004  Composite 
Laminates  at  180*Ft  0"  Fiber  Orientation,  R»0.10,  30  Hz. 


IKHCATES  RUNOUT  TO  JO  CYCLES 


Figure  54.  Tensile-Tensile  Fatigue  Behavior  of  Unidirectional  AS/3004  Composite 
Laminates  at  250®F:  90*  Fiber  Orientation,  R»0.i0,  30  Hz. 
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CYCLES  TO  FAILURE 

Figure  55.  Tensile-Tensile  Fatigue  Behavior  of  Bidirectional  AS/3004  Composite 
Laminates  at  -67*F:  +45®  Fiber  Orientation,  R>*0.10,  30  Hz. 


Figure  56.  Tensile-Tensile  Fatigue  Behavior  of  Bidirectional  J^/3004  Con^site 
Laminates  at  72 "Ft  +45"  Fiber  Orientation,  R«0.10,  30  Hz. 


Not«:  Numerous  spceimenii  c£  this  material  in  the  ^4S*  orientation 
exhibited  self'^heatlng  during  fatigue,  IcadTng  to  ten* 
^raturea  of  slightly  to  considerably  above  the  nominal 


(isx)  ssa^is  onoko  nonixvi/^ 
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CYCLES  TO  FAILURE 

Figure  57  . Tensile-Tensile  Fatigue  Behavior  of  Bidirectional  AS/3004  Cc»]^>oslte  Laminates 
at  180 *F;  +45*  Fiber  Orientation,  R*0.10,  30  Hz. 
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TABLE  33 

THERMOPHYSICAL  PROPERTIES  OF  AS/3004 
COMPOSITE  LAMINATES 


cc»iPosin:  materiai  properties 


Matarial  Sy«te»  - AS/3004  Prepr*?  by  -Hercules 
Fiber  - AS  Matrix  - P1700 

Maximum  Temperature  Rating  - 250*F  t>aminate  $p.  Gr.  - 
Reein  Content  - 33.7%  by  -jit.  Average  Ply  Thlckr 
Fiber  Content  - 57.4%  by  vol.  So.  of  panels  fron 
Void  Content  - *0  were  tested  in  th 
Tbickness  of  each  type  specimen:  Therm.  Exp.- 40  pl;^ 


baminate  Rp.  Gr.  - 1.55 
Average  Ply  Thickness  -0.0052  inch 
So.  of  panels  from  which  specimens 
were  tested  in  this  table  -5 
Therm.  Exp.- 40  ply  Spec. St. -20  ply 
Therm.  Cond.-30  ply  Glass  Trans.-14  ply 


THERMOPHysiCAb  PROPERTIES:  0« 


Thermal  Expansion 
ax(uia/in-*F) 

Oy (uln/ln-*F) 

So.  of  Specimens 
per  direction 

Specific  Heat 

Cp  (btu/ib.-"F) 

So.  of  Specimens 

dermal  Conductivity 
k,  (btu-ft/ft2-hr-“F 

So.  of  Specimens 

Glass  Transition  Temp. 
Dry  (Op) 

Wet  (’F) 


-67“P 

72*P 

180*P 

2S0*F 

-0.007 

-0.006 

-0.006 

-o.oue 

17.00 

17.00 

17.00 

17,00 

3 

3 

3 

3 

0.142 

0.133 

0,215 

0.235 

4 

4 

4 

4 

0.26 

0.30 

0.34 

0.36 

6 

6 

6 , 

5 

THERMOPHYSICAL  PROPERTIES:  +45“ 


Thermal  Expansion 
ajj(iiin/in-*P) 

&0 

1.6 

1.8 

1.8 

No.  of  Specimens 
per  direction 

3 

3 

3 

3 

Thermal  Conductivity 
k,  (btu-ft/ft2-hr-“F 

0.23 

0.27 

0.30 

0.32 

No.  Of  Specimens 

3 

3 

4 



4 

Mote:  On  unidirectionally  reinforced  specimens,  the  x-direction  is  along 
the  fiber  axis,  the  y-direction  is  across  the  fiber  axis,  and  the 
z-direction  is  through  the  thickness  (identical  to  y-direction) . 

Oii  if 5“  bidirectionally  reinforced  specimens,  the  x and  y directions 
are~identical  and  oriented  at  45“  to  either  fiber  direction,  while 
the  z-direction  is  through  the  thickness. 
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TABI-E  34 

TEKSliLE  OF  AS/3004  COM  l^MINATES 

AFTER  HUMIDITY  AGING 


COMPflOTS  »4ATXaUAl.  FROnOkTUCS 


MaWrtkl  Sytlom  • A5/JM4 
SUttf  • AS  I UstrU  . PlTOa 
VUitiiniuii  a«tud  T*ntper»(ar«  • ISOMS' 
X'Mla  CoatenI  • 3S.  9%  by 
Flb«r  Contcat  » 54.  t%  by  «<tl. 

VeUt  Cdaunt  • U%'  by  val. 


FTB])ra|  by  • Ratcvl** 

Sy.  Oy.  • 1.51 

Av*r«y«  Fly  TUakaM*  . S.00I4  UmA 
No.  of  ptamia  frank  b^iicb  kyaetoMoa 
war*  taata4  (n  «b(a  'tabla  • 4 
A(ing  CeiuUtiooa  .t«0«r  A iOe%».H. 


pruablta/Polyaikifaaa 


Tbtckaaaa  af  aach  typt  (yaetmaoifOP-tS  pUaa;  yltaa 


TEWIOM. 


7Z^T 

*M®r 

7*®F 

250-“F 

Exyoaura  Ttma  (bra) 

» 

♦ 

744 

744- 

Walgbt  CkUt  (%  ^ orig.  dry  art.  ) 

0.19 

0^*0 

0.32* 

0.51* 

Stmt.  Oav.  (M 

0.01 

o.os 

0.02 

0.0* 

No.  of  SyaeUnana 

s 

5 

5 

5 

Jrj*  (kal) 

5.7* 

4.13 

5.94 

5.05 

Siad.  Oav.  (kal) 

0.77 

0.V3 

0.45 

0,3* 

Raoga  {ksi) 

S. OS-4. 95 

2.90-4.01 

5.45-4.4* 

2.79-5.42 

IJe.  of  Spaetmana 

5 

5 

5 

5 

(bat) 

j*  00 

2.99 

2.74 

2.04 

Stada  Dav* 

0.SZ 

0.57 

0.42 

OaU 

Ho.  of  Spaelmans 

5 

5 

5 

5 

ei  (Mat) 

1.20 

1.09 

t.ll 

l.O* 

SM.  Oav. 

0.02 

c.oa 

0.05 

0.02 

Noa  of  Speclmaiia 

5 

5 

5 

5 

a^“  (P  la/la) 

«940 

4000 

5440 

2940 

Stml.  Oav. 

710 

•40 

4M 

420 

No.  of  Spaetmana 

$ 

S 

5 

5 

Ttat  Method 

Straight- 

aided  tcaaloA 

Refarenea 

Oa  atgn  Gul4a 

TENSrONi  its* 

Exposure  Time  (hrs) 

1 

1 

574 

574 

h eight  Gaitf  (%  of  orig.  dry  wt« ) 

o.zs 

0.21 

0.45* 

0.43* 

Stnd.  D«v.  {%) 

o.z 

0.03 

o.oz 

0. 02 

NOa  of  Specimena 

5 

5 

5 

5 

rj*  (bit) 

37.40 

20.44 

32.52 

25.97 

Stod.  Dev,  (ksi) 

t.tl 

1.8Z 

1.44 

2.47 

Range  CoU 

27.08-45.23 

17. 99-22.02 

51.22-54.45 

20.  75-24.  54 

No*  of  Specimens 

5 

4 

s 

4 

F^f'  (bat) 

3.  44 

2.34 

4.  40 

2.47 

Stnd.  Oev. 

0.10 

0*29 

0.  30 

O.Jl 

No*  of  Specimens 

5 

4 

5 

4 

^ (Mat) 

!.94 

U84 

2.20 

2.07 

Stnd*  Oova 

o.ts 

0*29 

0.08 

0.10 

No,  of  Specimens 

s 

4 

5 

4 

a‘“  (t*  in/inj 

58,200* 

38, 900* 

50,  500* 

167.  000* 

Sind.  DeVa 

7,400* 

U.OOO* 

8100* 

No.  of  Spveimcns 

5 

4 

5* 

Test  Mittiod 

.Sti'siglit- 

tided  tcti»len 

Uvferi*»»ce 

Dcsit^n  Cuide 

Notes: 

ia  Sarfscc  pitas  cracked  at  about  60TV  of  ultimate  itrcsSy  brSakUig  gageta 

2a  Surface  piles  oo  three  specimcAS  cracked  at  60%  of  ultimate  stress,  breaking  gages. 

3«  100%  saturatlea  level  at  aging  ceodltiossa 


Figure  62.  Tensile  Stress-Strain  Curves  for  Unidirectional 

AS/3004  Composite  Laminates  After  Humidity  Aging: 
90®  Fiber  Orientation. 
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TABLE  35 

SHEAR  PROPERTIES  OF  AS/ 3004  COMPOSITE  LAMINATES 
AFTER  HUMIDITY  AGING 


COMPOStTC  MATS&Ul,  PStOPSRTtSS 

Syit«m  • AS/ 1004  hv  . HarenlM  {g£«pt>U»/PoXytttUOtt4l‘ 

ribtr  - AS  M»trlx  - piTOO 

iOKlmum  Rated  T«mp«»»tur4  - 250®r  lAjnlnaUSp.  Or.  - 1.52 

afilA  Contint  - 13.2%  by  wt.  Avaraga  Ply  XWetaeaa  - 0. 0053  Inch 

?&*r  Contaot  • ST.  t%  by-  vel.  Mo.  of  panela  from  ^tlhtch  apaelmona 

VoldContant-  U%byrol.  ware  taatad  in  thia  Ubla  • 

Aging  Conditiena  • l60^  Ic  100%  R.K.. 


Tbicfcnaaa  of  oach  ty]>a  apoctmcn:  Inplaaa  aboar-8  pllaat  toterlaminar  ahear>14  pUas 


ZNPIANE  SKCAR  ! 

Taat  Tamparatura 

T2®r 

250"P 

72®r 

3S0»F 

Expoaura  Tima  (hra) 

3 

3 

576 

576 

WatgHt  Cain  (%  ^ orlg.  dry  wt. } 

0.25 

0.21 

0.43* 

0.43* 

Stnd.  Day.  (%) 

0.02 

0.03 

0. 02 

0.02 

Ma.  of  Spaeimaoa 

5 

5 

5 

5 

ffay  (k*l) 

18.74 

10.23 

16.26 

11.98 

Stad.  Day.  (kal) 

4.07 

0.91 

0. 72 

1.23 

Raaga  (kal) 

13.54-22.31 

8. 99-11.01 

15.61. 17.23 

10.  38-13.28 

No.  of  Spaalmana 

5 

4 

5 

4 

(Mai) 

0.54 

0.48 

0.60 

0.48 

Stad.  Day. 

0.04 

0.07 

0.03 

0.02 

Ko.  of  Spaalmana 

S 

4 

$ 

4 

Test  Method 

a46'’  atrarg 

htosided  tvasioa 

Rafarcaea 

2 

. Comp.  lAda. 

rv6,  p252  It  V7. 

pl24] 

DiTSRLAMmAR  SHEAR 

Expoavtra  Tima  (hra) 

$52 

552 

625 

625 

Walght  Cain  (%  of  orlg.  dry  wt. ) 

0.69 

0.69 

0.87* 

0.87* 

Stad.  Dev.  (%) 

0.46 

0.47 

0. 19 

0.15 

No.  of  Specunana 

5 

5 

5 

5 

r‘*“  (kal) 

S.80 

7.06 

8.49 

6.53 

Stad.  Day.  (kai) 

0.87 

0.  59 

0.  44 

0.52 

Raaga  (kai) 

7.35-9.33 

6.30-7.61 

8.08.9.09 

6.07-7.42 

No.  of  Spaeiraana 

S 

5 

4 

5 

Taat  Matbod 

Short  Beam  S 

bear,  3/D.4 

Rafaroaeo 

Oaaign  Cuida  - 

Jan.,  1971 

^100%  aatoratloa  laval  at  aging  eoaditlaaa. 


124 


0 .020  .040  .060  .080  .100  .120 

SHEAR  STRAIN  (In/In) 

Figure  64.  Inplane  Shear  Stress-Strain  Curves  for  AS/3004  Composite  Laminates 
After  Humidity  Aging. 


4.3  as/4397 

Tables  36-48  present  the  data  generated  for  this  graphite/ 
polyimide  composite  system.  Figiires  65-87  illustrate  the  stress- 
strain,  fatigue,  and  creep  behavior  of  the  material,  as  well  as 
the  effect  of  humidity  aging  upon  the  con^osite  material.  Two 
points  of  particular  interest  must  be  pointed  out  relative  to  this 
material  system. 

The  first  item  concerns  the  fabrication  of  thick  (15-20 
plies  and  above)  Iciminates  with  AS/4397.  It  has  been  found  im- 
possible to  prevent  delamination  of  panels  over  20  plies  thick 
from  occurring  during  the  postcure  cycle.  No  delaminations  are 
present  at  the  conclusion  of  the  cure  schedule,  prior  to  post- 
curing, but  gross  delaminations  occur  during  the  postcuring 
jycle.  Since  the  cure  schedule  takes  the  panel  to  400 while 
the  postcuring  schedule  takes  it  to  450 *'F,  the  damage  evidently 
occurs  somewhere  in  this  temperature  range.  A TGA  was  conducted 
on  a sample  of  the  cured  but  not  postcured  AS/4397  material  which 
indicated  that  no  volatiles  were  being  released  in  the  400-450 ®F 
temperature  region  so  this  apparently  does  not  account  for  the 
problem.  A number  of  variations  in  the  postcuring  schedule  were 
tried  including  very  slow  heat  up^ rates,  greatly  extended  hold 
times  at  intermediate  temperatures,  and  the  maintenance  of  pres- 
sure throughout  the  postcure,  all  without  success.  Perhaps  the 
thermal  stresses  induced  by  raising  a panel  thicker  than  20  plies 
to  a temperature  of  450®F  are  sufficient  to  cause  the  delamination. 

The  second  point  pertains  to  flexure  testing  for  the 
AS/4397.  As  mentioned  in  Section  3.5.3,  all  flexure  testing 
with  the  exception  of  the  0®,  AS/4397  specimens  was  performed 
with  a four-point  loading  technique.  It  was  found  necessary  on 
the  0 “/AS/4 397  flexure  specimens  to  use  a three-point  loading 
technique  in  order  to  insure  consistent  flexural  failure  modes 
rather  than  delamination  failure  modes.  Fourteen  room  temperature 
four-point  flexural  tests  were  conducted  on  0“,  AS/4397  specimens 
with  four  good  flexural  failures,  five  mixed-mode  failures,  and 
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five  outright  shear  failures  resulting.  1!he  average  flexural 
s^tress  Ibl  each  ty^ ^failures  was  22474  ksi , TZlC  4"~ksi , 

and  16l}.8  ksi;  respedtively.  It  is  apparent  that  the  l^lekural 
strength  obtained  from  good  failure  modes  in  four-point  leading 
is  identical  to  the  value  reported  in  Table  41  for  three-point 
loading,  j JShe  flexural  stress  at  failure  understandably  falls  off 
as  the  failure  mode  changes  to  a cdnhination  of  flexure  and 
shear  and  ultimately,  to  pure  shear.  The  shear  stresses  present 
in  these  fourteen  specimens  at  failure  ranged  from  6700  to  7060 
psi  on  the  good  flexural  failures,  between  6450  and  7430  ps4> 
the  mixed-nsode  failures,  and  between  4490  and  6111  psi  on  the 
shear  failures. 


TABLE  36 

PROCESSING  CONDITIONS  FOR  AS/4397  COMPOSITE  LA] 


Compostt*  TrocescUig  t.<«formaUoat 


Ma.t«nal  System  - AS/4397 

Fn>«r  - AS  M»tri*  - 4397 
Xiaximom  Rated  Temperatare  - 4SC^F 


3r  ap&ite /Pcdyimid* 


}daximom  Rated  Temperatare  - 45C®?  Prepreg  by  - Hercules 
Lamiaate  Processing  Schedule 

X^yup  Procedure:  Prepreg  warmed  to  R.  T.  la  closed  wrapper.  Pref 
removed  from  package  and  plies  cut  to  desired  size  using  razor  bla 
Plies  stacked  In  desired  sequence  (release  paper  removed  troxn  eai 
ply).  Stack  placed  In  autoclave  on  sheet  at  oooporouie  Teflon  and  sv 
rounded  wiOi  cork  dam  to  restrict  fiber  flow.  Sheet  of  porous  Tefli 
placed  on  top  of  stack  and  one  ply  nf  bleeder  paper  per  four  piles  ol 
prepreg  placed  on  top  of  this.  A sheet-^f  nonporoot  Teflon  is  plae: 
over  the  bleeder  paper  and  covered  by  the  silicone  rubber  bladder. 


Cure  Schedule:  Under  full  vacuum,  the  temperature  was  increased  to 
at  a rate  of  4 to  5^F  per  minute.  When  275°F  is  reached,  a prcsst 
85  pal  was  applied  above  the  bladder.  At  this  pressure  and  still  ua 
full  vacuum,  the  part  Is  held  at  275^F  for  30  mlnutee.  The  temper 
was  then  raised  to  400°F  at  S'^r  per  minute  and  held  at  400^  for  2 
The  penel  was  cooled  under  pressure  to  below  1 50^F  before  remov 

Postcure  Schedule:  After  trimming  of  Mash,  the  panels  were  placed,  un 
restrained,  in  an  oven  and  heated  to  400°F  at  5**^  per  minute.  Aft 
1 hour  at  this  temperature,  the  temperature  was  raised  to  450°F  at 
S^F  per  minute  and  then  held  for  48  bo'U's  before  cooling  to  room 
temperature. 


It  was  found  that  when  laninatee  thicker  than  about 
plies  were  made,  gross  interply  delaninatlon  occurre 
during  postcure.  Several  modifications  of  the  postc 
schedule  outlined  in  the  table  above  were  tried,  inc 
much  slower  heat-up  rates,  extended  hold  times  at  in 
mediate  temDeratores,  and  application  of  pressure,  a 


irT>'r5^‘^'?  i-sfriSi 
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TABLE  37 

PREPREG  A^ID  COMPOSITE  PHYSICAL  PROPERTlESs  AS/4397 


Composite  Physical  Property  Information 


Material  Syst«a.  - AS/ 4397 
Fiber  - AS  Matrix  - 4397 

Maximcan  Rated  Temperature  - 450 •? 


Graj^ite/Polyiaide 
Pr^reg  by  -Hercules 


Prepreg  Physical  Properties 


(Property)  (Stnd.  Dev.)  (Rargs) 

Volatile  Content-  0.21%  hy  wt.  0.04  C.lS-0.27 

Resin  Content -42.6%  lywt.  1.3  40.4-43.8 

Resin  Flow—  25.9%  hy  wt.  2.2  23.2—29.6 

No.  of  Rolls  Involved-  2 
No.  of  Batches  Involved  - 1 


(Test  MeOiod)  (Ref.  ) 


HD-SG-2-60Q6C(5.1) 
HD-SG-2-6006C  <5 . 2 . 
IB>-SG-2-€006C{5.3. 


.1)  ) 

.2.6,F)y 

.3.1,A)J 


Laminate  Physical  Properties^ 

(Stnd.  Dev, } (Range)  (Test  Method)  (Ref. ) 


No.  of  Panels-  46 
Fiber  Content -63. 6%  by  vol, 
Resin  Content-28. 5%  by  wt. 
Void  Content-  by  vol. 
Laminate  Sp.  Gr.  1.57 
Fiber  Sp.  Gr.  - 1.78 
Matrix  Sp.  Cr«  - 1.26 


2.L  52.5-66.4  HD-SG-2-6C06C(5.2.1),^^_ 

1.8  25.8-34.4  HD-SG-2-€006C(5.2.D 

__  Odd  pt.  count 

0.02  1.53-1.60 

As  reported  by  manufacturer. 

As  reported  by  manufacturer. 


Thickness  per  ply-  0.0056  inch 


'W 
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The  properties  reported  here  represent  averages  for  all  panels  of  this 
material  used  throughout  the  program. 


TratBI^-38 

lENSILE  PROPERTIES  OF  AS/4397  COMPOSITE  LAMINAIBSS 


COMPOSITE  MATEKIAL  PHOPESTIES 


Sy<t«m  - AS/4J97  Preprej  by  . Hereulw 
Fiber  - AS  Metei*  - Ijjninet# 

Maximum  Rated  Temperature  - 4S0^  Aeeraae  F 
Rc«mCent«s»-  2«.21Sl.y«t.  Ho.  oJ(  par 

Fiber  CoMost  - 43.  i%  Jsy  vot.  were  to 

Void  Content  - » o % by  voli  Tbiekneae 


l.aininate  Sp.  Gr.  • 1. 57 
Aeerace  Ply  Tbiekneaa  - 0. 0057  Uwb 
Ho.  at  panela  trom  which  apeelmeae 
were  teated  ia  this  table  - 1,0 
Thiekneae  of  each  tirpe  speoinaea 
0°^nUet.  900-15  ptiea 


otnd.  dee.  (kai) 
Raafa  (kii) 

Ho.  at  Speeimeae 


1.9  4.6  I 27.9  13.0 

Ift9.4-20a0  194.  4.209.4149.  7.222.  7 105.4.217.4 
5 6 14  5 


stnd.  dee. 

No.  oiSpeetnaas 


atad.  dev. 

No.  oi  Speeltneas 


(aWia> 


etnd.  dev. 

No.  of  Speeimena 


'*7 

atad.  dev. 

No.  of  Speeimena 


Teat  MeHied 
Itefareace 


&ual||b(.aidsd  teaaloa 
Oeeica  Qeide 


stnd.  dev.  (fcal) 


no.  at  Spccimama 


0.S! 

4.S6-5.78 

5 


* y 

Stnd.  dsv. 

o£5p«elmsas 


•4  (Mai) 

atnde  d«tr. 

Np.  o(Spsclm«A« 


y 

•tnde  d«v. 

Npo  ot  Spccimsos 


Test  Mctiiod 
ncteroncs 


0,21 

2.75-3.28 

S 


Compotsd  utiitf  slsstlc  moduli!  mnd  loafitudlasl  pQlssoa’»  rstip. 
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STRAIN  { in/ln) 

Figure  ^5.  Tensile  Stress-Strain  Curves  for  Unidirectional 
Composite  Laminates;  0“  Fiber  Orientation. 


STRESS  (ksl) 


STRAIN,  (in/ln) 

Figure  66.  Tensile  Stress-Strain  Curves  for  Unidirectional 

AS/4397  Coinposite  Laminates j 90“  Fiber  Orientation 

I 
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TABLE  39 

TENSILE  PROPERTIES  OF  AS/439?  COI4POSITE  LAMINATES 


coMposrriE  material,  properties 


Prapreg  by-  - H«rcal«»  jor  apfedta  /Potyimida 
l.anunata  Sp,  Cr.  - 1.S8 


Material  System  - AS/4S97 
Fiber  - AS  . Matrix  -4397 

Maximiim  Rated  Temperature  - 450^ 
Resin  Content  - 27,  SS  by  wt. 

Fiber  Content  - 65. 1%  by  vol. 

Void  Content  - 40 


Average  Ply  Tbickaeas  - 0.0057  inch 

No.  of  panels  from  \«drieb  apecim«ui 
were  tested  in  this  table  - 4 


Thlcknees  of  epaclmaas;  8 ply 


TENSION:  + 45® 


-67®r 

1 72®r 

350®F 

450‘>F 

F^  (ksi) 

19.26 

18.72 

16.61 

16.70 

stnd.  dev,  (ksi) 

0.37 

0.  37 

0.74 

0.  41 

Range  (ksi) 

18. 78- 19. 81 

18-20-19.20 

15.26-16. 93 

16. 34-17. 40 

No.  of  S^cimens 

5 

i 

S 

5 

5 

F**^  (ksi) 

8.69 

7.46 

3.68 

2.78 

dev.  (ksi) 

1.45 

0.73 

0.96 

0.67 

No.  of  Specimens 

5 

j 

S 

5 

5 

E*^  ....  .(M»i) 

2.81 

2.  66 

2.  OS 

1.79 

3tRd.  dev. 

0.14 

0.  09 

0.17 

0.19 

No.  of  Specimens 

5 

5 

S 

5 

(/»in/in} 

10,700 

11,800 

>25,000^ 

>17,000^ 

stnd.  dev. 

300 

1,700 

— 

— 

No.  of  Specimens 

5 

5 i 

5 

4 

t 

« 

xy 

0.71 

0.72 

0.71 

0.65 

stnd.  dev. 

0.06 

0.  07 

0.06 

0.  05 

No.  of  Specimens 

4 

5 

5 

3 

Test  Method 
Reference 

Striight'Sided  tension 

Design  Cuidt 

t.  Surface  pUea  cracked,  creating  electricel  diecantLauUies  la 
ctraln  jages. 


Notes 


STRAIN  (in/in) 

Figure  67.  Tensile  Stress-Strain  Curves  for  Bidirectional  AS/4397 
Composite  Laminates:  +45®  Fiber  Orientation. 


TABLE  40 

tjeSSPSESSIVB  ^RQPBKTIBS  O?  AS/4397 
COMPOSITE  LAMINATES 


Material  Syitam  • AS/4347 
rib«r  - AS  Matrix  • 4397 

Maximum  Rated  Temparatura  • 
ReaUt  Cont.'nt  • 28.2%  by  «t. 

Fiber  Cuaitei.t  « 62. 9%  by  vol« 

Veld  Coataat  • 40%  by  vol. 

TbUknaaa  at  tpaelmana  20  ply 


COMPOSITE  MATERIAL  KtOPERTlES 


Ptapraf  by  - Harculaa 
tanilnate  Sp.  Cr.  • 1,50 
Average  Ply  ThUkncia  ‘Ov  OOS4  la. 
No,  ui  panata  from  which  apocUaaoa 
ware  taitad  ia  thia  Ubla  > I 


r“  (kai) 

itad.  day.  (kai, 

Raaga  (kai) 

No.  at  Speeimena 

epl 

*■/  (kai) 

atnd.  day. 

MO,  ol  Spaeimaaa 


COMPRESSION  ; 0° 

-87*r 72°r 35Q*F 450°y 

235.8  206.1  144.6  152.8 

7.2  ' 14.1  • IS.2  36.9 

Z32.1'.243.71S9.7-221.9  151.8-182.9  110.7-179. 

Si  S 5 3 


E^  (Mai) 

atad.  day. 

Mo.  of  Spaeimaaa 


in/la) 


atnd.  dav. 

No*  of  Spacimcaa 


13.200* 

S900 

S 


11.  800'' 


Feat  Mathod 
Zafareflco 


Calaaaaa  coupon  and  teat  flxtora 
ATML-TR-TZ-ZOS,  Pt.  I 


(kai) 

atad.  day.  (kai) 

Range  (kai) 

No.  of  Spacimans 
cpl 

Py  (fcal) 

atad.  day. 

Wo.  of  Spacimena 

E*  (Mai) 

atnd.  dav. 

No.  of  Spacitnena 

t*“  (p  In/ln) 

atnd.  dav. 

No.  of  Spaeimaaa 


Tast  Mathod 
Raferanca 


21,900 


30.0 

21. 1 

2.9 

2.0 

26.  0-34.0 

18.  S-  22.8 

S 

S 

14.5 

7.6 

7.8 

1.4 

5 

3 

1.4S 

1.16 

0.31 

0.07 

5 

5 

1^000 

24.  200 

7000 

8400 

4 

S 

3.0 

18.0-25.4 

5 


>9,400® 


Calaaaaa  coupoa  and  taat  (Ixtura 
ArML-XR-72.205.  Pt.  I 


NoCaa;  1.  Threa  ct  ftva  apaclmaoa  axbibited  avidanca  of  buckling. 

2.  Coa  of  fiva  apaeirnana  axbibited  avidanca  of  buckling. 

3.  One  cf  tbraa  apocimona  axbibited  avideace  of  buckling.  The  taba 
deboodad  on  a foorNi  apaetman  prior  to  failure. 

4.  Thia  value  appaara  high  In  comearUon  with  the  72®r  and  35C®r 
valuaa  but  noaetbalaaa.  la  the  maaaurad  average. 

5.  Loat  attain  gaga  atgnnl  prior  to  fallura  on  four  of  the  five  apaelmana. 


STRAIN  (in/in) 

Figure  69.  compressive  Stress-Strain  Curves  for  Unidirectional  AS/4 397 
Comoosite  Laminates:  99“  Fiber  Orientation. 


TABLE  41 

FLEXURAL  PROPERTIES  OF  AS/4397 
COMPOSITE  I«AHINATBS 


'fts 

-fS 


■*i 

;ll 


COMPOSITE  MATERIAL  PROPERTIES  

MatcrUl  System  - AS/ 439t  Prepreg  by  - S«rcul*«  Graphite  /P*tlyimtd« 

Fiber  - AS  J/Iatrtx  - 4397 


Maximum  Rated  Temperature  - 4S0°F 
Resin  Content  • 31. 2%  by  wt. 

Fiber  Content  - 6i.  4%  by  vol. 

Void  Content  by  Tol- 


iWel) 

stnd.  dev.  (ksi} 
Range  (ksi) 

No.  of  Specimens 
I 

E^  (Msl) 

stnd.  dev. 

No,  of  Specimens 


L-aminate  Sp,  Gr.  - 1*57 
Average  Ply  Thickness  -0.0058  inch 
No.  of  panels  from  which  specimens 
were  tested  in  this  table  - 2 
Thickness  of  each  type  specimen: 
0®-l4  piles:  90®-14  piles 


FLEXURE  : 0<» 


-67°F 


239.9 

11.8 

228. 5-257.  5 
5 


F 


178.8 
15.9 

2l2.3-239.5j  165.8-204.6 
5 5 


128.6 

4.5 

123.9-133.7 

5 


Tost  Method 
Reference 


3 pt.  flexure 
Design  Guide 
1971 


v.f'l  ..  .. 

Fy  (ksi) 

9.28 

stnd.  dov.  (ksi) 

1.03 

Range  (ksi) 

7.74-10.31 

No.  of  Specimens 

5 

Ky  (Msi) 

1.55 

stnd.  dev. 

0. 12  1 

No,  of  Specimens 

5 

i 

Test  Method 

Reference 

FLEXURE:  90° 


a. 3 

0.  5 


5.34 

4.32 

0.77 

0.80 

4.44-6.20 

3.28-5.34 

5 

6 

1.19 

0.66 

0.04 

0.09 

5 

6 

i 

exuro 

Guide 

1971 

TABLE  42 

SHEAR  PROPERTIES  OF  AS/4397 
COMPOSITE  LAMIKATES 


I 


138 


STRAIN  (in /in) 


Figure  70,  Inplane  Shear  Stress-Strain  Curves  for 
AS/4397  Composite  Laminates. 


139 


Tensile-Tensile  Fatigue  Behavior  of  Unidirectional  AS/4397  Composite 
Laminates  at  450 *Fs  0"  Fiber  Orientation,  R«0,10,  30  Hz. 


Figure  75.  Tensile-Tensile  Fatigue  Behavior  of  Unidirectional  AS/4397  Composite 
Laminates  at  -67*F!  90®  Fiber  Orientation,  JR«0,10,  30  Hz. 
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Figure  78,  Tensile-Tensile  Fatigue  Behavior  of  Unidirectional  AS/4397  Composite 
Landnates  at  450®F:  90*  Fiber  Orientation,  R«0.10,  30  Hz. 
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Figure  81.  Tensile-Tensile  Fatigue  Behavior  of  Bidirectional  AS/4397  Composite 
Laminates  at  350®P:  +43®  Fiber  Orientation,  R=0.10,  30  Hz. 
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Figure  83.  Tensile  Creep  Behavior  of  Unidirectional  AS/4397 
Composite  Laminates;  0“  Fiber  Orientation. 
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Composite  Lamina 
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Figure  85.  Tensile  Creep  Behavior  of  Bidirectional  AS/4397 
Composite  Laminates;  +45®  Fiber  Orientation. 
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Notatt  All  v«lu««  r«pr*Mnt  «rlttuMitla  avacayaa.  RaaiOual  atranyUia  datacwinail  t>y  tatiaila  taat  at  72*7. 
!•  TWO  apaolmns  fatlad  on  loadlny  ni  during  taar. 

2.  Thraa  apaotaana  Callad  on  loading  or  daring  taat. 

3.  ona  apaoinan  iatlad  on  loading  or  during  taat. 

4.  Flva  apaciaana  failod  on  loading. 


TABLE  46 

IBERMOPHYSICAL  PROPERTIES  OP  AS/4397 
COMPOSITE  LAHIKATES 


CQMPOSZ'n  MliSSStlAb  »2»»Elff2Si 

Hatterial  Sysfca*  - AS/43S7  Prepref  by  '•Baxciiltta  f Cra^ite/golyimiaa 

Fiber  AS  Matrix  > 4397 

Iiaaixtattt  Sp.  Cr.  •>1.55 


Haximm  Teei^rature  Batin?  > 450 *F 
Benin  Content  • 30.34  by  vt. 

Fiber  Content  - 41.94  by  vol- 
Void  Content  • *04 
!Q]ickness  at  each  type  specimen  t 


Average  Ply  Thickness  -0.0053  inch 
of  panels  from  which  specimens 
%Nere  tested  la  this  table  - 4 
Them.  Exp.- 20  ply  Spec.Bt.-20  ply 
Them.  cond.-ZO  ply  Glass  Trass. -14  p^d 


TBEBHOPBYSICAZ.  PROPERTIES t 0* 


-67*F 

72*F 

350 'F 

450*F 

Thermal  Sxpansicut 

Cjftii  In/in- ‘F) 

*0 

*0 

*0 

40 

Oy(wiii/ia-*P) 

Mo.  of  Specimens 
per  direction 

14.1 

3 

15.7 

9 

19.3 

5 

25.3 

3 

Specific  Heat 

Cp  (btu/lb.-*P) 

0.14 

0.19 

0.31 

0.33 

No.  of  Specimens 

1 

1 

1 

1 

Thermal  Conductivity 
k,  (bta-ft/ft2-hr-*F: 

0.33 

0.38 

0.47 

0.51 

Mo.  of  SpeeiiMns 

4 

4 

6 

3 

Glass  Transition  Temp. 
Dry  CF) 

Wet  l*F) 

472*P 

264*F 

THESMOPHYSICAL 

PROPERTIES; 

+45* 

Thermal  Expansion 
o^{pin/ia-*P) 

0.35 

0.53 

3-70 

Mo.  of  Specimens 
per  direction 

4 

5 

2 

Thermal  Conductivity 
k,  (btu-ft/ft^-kr-*F 

0.33 

0.39 

Ho.  of  Specimens 

— 

5 

5 

MOTEt  On  onldirectlonally  reinforced  specimens,  the  x-directioa  is  along  the 
fiber  axis,  the  y-direction  is  across  the  fiber  axis,  and  the  z- 
direction  is  through  the  thickness.  On  +45*  bidirectionally  reinforced 
specimens,  the  x and  y directions  are  identical  and  oriented  at  45*  to 
either  fiber  direction,  while  the  z-direction  is  through  the  thiclcnesa. 
1.  The  20-ply  specimen  being  used  for  conductivity  measurements 
delaminated  when  heated  above  3S0*F  so  no  accurate  data  were 
obtained  at  4S0*F. 
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TABLE  47 


BItOPERTZES  OF  AS/439?  COifPC^ITB 
£Am:i»fiS  AffM  atfiflDlTY  AGING 


COMFC^E  MATX3UA&  l%OX%lt‘n£S 


MaUrikl  Systecn  - AS/4397 
ribor  • AS  Matrix  ■ 4397 

Muxintom  Rated  Teirtperatura  - 450*3? 
Ream  Content  • 27.59  by  wt. 

Fiber  Cofdent  - 64.79  by  vol. 

Void  Content  t *0% 


Fxcprcf  3^  .BACcu^a  Israj^f 

l.amlsate5p,  Cr.  - 1.S8 
Averaca  Fi^  Tbiekaesa  - {^9  5 (ineb 
Ko.  of  panela  frona  ti^icb  apecimana 
-were  teated  us  tbla  table  • 11 
Agisss  Conditiona  .160*F.  1009  R.B. 


TMcbnaaa  of  eacK  type  specimest: 
90*-iS  pliea;  +45*-8  pliea 


TE34S10NJ  90® 


72®F 

350  ®F 

72®F 

350«F 

Expoaare  Time  (hra} 

21. 5 

21.5 

1320 

1320 

Weight  CelA  (%  of  orig.  dry  wt* ) 

0.51 

0.49 

l.OI 

l.Ot 

Stnd.  Oev. 

0.03 

0.03  . 

*04 

*03 

Moe  of  Specimeas 

5 

5 

5 

5 

e*  .4 

5.13 

2.92 

3.91 

I.  55 

Stad.  Dev,  (fcal) 

0.  «l 

0.27 

Oa  <0 

0.27 

Henge 

4.5T.S.et 

2.70-3.39 

3.47-4.45 

1.19-1.91 

l<o,  of  Specimena 

5 

5 

5 

5 

3F^*  frai) 

3.20 

1.52 

1.99 

0.04 

! Stadb  Dev. 

0.75 

0.35 

0.32 

0.  30 

Noo  of  Speelmeoo 

S 

5 

5 

5 

3E^  (Mai) 

1.40 

l.ll 

1.54 

o.gz 

Stnd.  Dev. 

0.04 

0.06 

0,09 

0.06 

Hoe  of  Specimens 

5 . 

.5 

S 

5 

0*  in/in) 

3700 

2700 

2700 

2200 

Stad.  Oev, 

300 

vm 

300 

200 

No*  of  Specimeos 

Test  Method 
|teleren<;c 

5 

i 5 

Straight- 

Oeaigi 

5 

sided  teasioa 

1 Cotde 

5 

TENSION:  +45® 
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Tensile  Stress-Strain  for  AS/4397  Composite  Laminates  After  Humidity 
Aaina  at  160“F  and  100%  R.H. s 90"  Fiber  Orientation. 


TABLE  48 

SHEAR  PROPERTIES  OF  AS/4397  COMPOSITE  LAMINATES 
AFTER  HUMIDITY  AGING 


COMPOSITE  MATERIAL  PROPERTIES 


Maturlat  System  •A8/4397 
riber  - AS  Matrix  - 4397 

Maximum  Rated  Temperature  » 450*F 
Resin  Content  - 28.1%  by  wt. 

Plber  Content  - 64.5%  by  vcl. 

Void  Content  - 4at 


Prepreg  by  • Keicultts  turagntte/ 

I.2U!>inate  Sp.  Gr.  ~ 1.58 

Average  Ply  Thickneer  - 0.0058  Ifich 

No.  of  panels  from  wblcb  specimens 
were  tested  In  this  table  - 5 
Aging  Conditions  - 160*P,  100%  R.S. 

Thickness  of  each  type  specimen; 

Inplane  ahear^O  plies:  Interlaminai*  shear-14  pllea 


INPLANE  SHEAR 


Test  Temperature 


Exposure  Time  (hra) 

Vi  eight  Gain  (%  of  orig.  dry  wt. } 
Stnd.  Oev.  (%] 

No.  of  Spaeimens 
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'igure  87 


4.4  T300/P178 


Tables  49-60  present  the  data  generated  for  this  graphite/ 
polyimide  composite  system.  Figures  88-105  illustrate  the  stress- 
strain,  fatigue,  and  creep  behavior  of  the  material,  as  well  as 
the  effect  of  humidity  aging  upon  the  composite  material.  One 
item  which  caused  some  concern  during  the  characterization  of 
this  material  relates  to  the  tensile  strengths. 

The  values  reported  in  Table  51  appear  low  in  comparison 
with  those  appearing  in  the  Hexcel  literature.  After  con- 
siderable review  and  rechecking  of  our  results,  however,  in- 
cluding the  specimen  tabbing  procedures  (which  are  of  increased 
importance  with  brittle  materials) , it  has  been  concluded  that 
the  values  in  Table  51  for  0®  tension  are  in  fact  realistic. 

Data  corroborating  this  is  reported  by  Jones f?]  in  a SAMPE  paper 
(where  the  F178  was  still  designated  HX580)  and  also  by  a private 
communication  with  Hexcel  in  which  it  was  mentioned  that  the 
higher  values,  reported  in  their  literature,  may  well  have  been 
obtained  with  lower  temperature  postcures  (the  use  of  higher 
temperature  postcures  to  increase  the  high  temperature  capabilities 
of  the  resin  result  in  a sacrifice  of  room  temperature  properties. 
The  F178  resin  seems  to  be  a rather  brittle  matrix  system,  as 
attested  to  both  by  Jones and  by  the  observation  during  this 
program  that  audible  cracking  occurs  much  much  earlier  in  a 0® 
tension  test  than  for  any  of  the  other  materials  evaluated  in 
this  program.  Because  of  this  brittle  nature,  some  investigators 
utilize  a sandwich  beam  specimen  rather  than  a coupon  to  generate 
tensile  properties.  The  values  so  generated  are  generally  higher 
than  those  obtained  with  coupons. 

The  strength  and  ultimate  strain  values  for  the  90®  tension 
at  72 ®F  also  seem  low  in  comparison  with  similar  data  from  other 
sources . No  explanation  of  this  discrepancy  can  be  made. 

The  elevated  temperature  results  reported  in  Table  51  do  not  dis- 
agree with  similar  data  from  these  same  sources. 
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TABLE  49 

PROCESSING  CONDITIONS  FOR  T300/F178  COMPOSITE  LAMINATES 


1 Composite  Processing  Information 

Material  System  - T300/F178 

Sraphite/Polyimide 

T300/F178 

Fiber  - T3C0  Matrix  - FI 78 

Maximum  Rated  Temperature  - 450°F  Prepreg  by 

- Hexcel 

Laminate  Processing  Schedule 

Lavup  Procedure;  Prepreg  warmed  to  R.  T.  in  closed  wrapper.  Prepreg 
removed  from  package  ana  plies  cut  to  desired  size  using  razor  blade.  Plies 
stacked  in  desired  sequence  (release  paper  removed  from  eacb  ply}.  Stack 
placed  in  autoclave  on  sheet  of  nonporous  tefloq  and  surrounded  by  cork  dam 
to  restrict  fibey  flow.  Sheet  of  porous  teflon  placed  on  top  of  stack-  and  one 
ply  of  bleeder  cloth  (style  181  glass)  per  four  plies  of  prepreg  placed  on  top 
of  this.  A layer  of  porous  teflon  is  placed' atop  the  bleeder  cloth  and  another 
layer  of  181  glass  over  this  to  act  as  a vent.  This  entire  stack  is  then 
covered  by  the  silicone  rubber  bladder. 


Cure  Schedule;  A low  vacuum  (Z-3  psi)  is  applied  and  the  temperature  is 
then  raised  to  E70°F  at  3-4°F/min.  , where  it  is  held  for  30  minutes.  At 
this  time,  a full  vacuum  is  drawn  and  a pressure  of  85  psi  applied  above  the 
bladder.  The  temperature  is  then  raised  at  3-4°F/min.  to  350°F,  where  it 
is  held  for  7.  hours.  The  panel  is  cooled  under  pressure  to  below  E00°F 
before  removal. 

Postcure  Schedule;  After  trimming  of  flash,  the  panels  were  placed,  un- 
restrained, in  an  oven  and  heated  to  400°F  at  a rate  of  3-4°F/min.  After  a 
4-hour  hold  at  400°F,  the  temperature  is  again  raised  at  3-4°F/min.  to 
475®F,  where  it  is  held  for  10  hours.  The  panel  is  cooled  to  R,  T,  at  3-4®F/ 
min. 
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TABLE  50 

PRBPREG  AND  COMPOSITE  PHYSICAL  PROPERTIES ;T300/F17 8 


Cf^posite  Physical  Property  Information 

Material  System  • T300/F178  Graphite/ Polyiaiide 

Fiber  - T300  Matrix  - P178  

Maximum  Rated  Temperature  - 450  ®F  Prepreg  by  - Hexcel 


Prepreg  Physical  Properties 


(Property)  (Stnd.  Dev. ) 

Volatile  Content-N.A.^  ~ — 

Resin  Content-  41.7%  0.60% 

Resin  Flow-  {Note  2 below) 

No.  of  Rolls  Involved-  3 

No.  of  Batches  Involved  - 1 


(Range)  (Teat  Method)  (Ref. ) 


41.1-42.2%  Hexoel , undesignated 


Laminate  Physical  Propertied 

(Stnd.  Dev. ) 

(Range)  (Test  Metliod) 

(Ref. ) 

No.  of  Panels-  47 

Fiber  Content-69. 5%  hy  vol.  3.7% 

52-67  Grid 

Resin  Content -31. 6%  by  wt.  2.7% 

25.4-37.4  Point 

Void  Content-  0.2%  0.03 

0-1.0  Count 

Laminate  Sp.  Gr.  - 1 . 5 8 

D792 

ASTM 

Fiber  Sp.  Gr.  - 1,70  As  reported  by  manufacturer. 

Matrix  Sp,  Gr.  - 1.24  As  reported  by  manufacturer. 

0 

Thickness  per  ply- 0.0053  inch 

— 

— 

notes:  1.  This  prepreg  contains  no  volatiles. 

2.  Flow  was  not  measured. 

3.  The  properties  reported  here  represent  averages  for 
all  panels  of  this  material  used  throughout  the 
program. 
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TABLE  51 

TENSILE  PBOPERTIES  OF  T300/FX78 
COMPOSITE  1AB2NATBS 


COMIOnTX  MATSAIAt.  PltOPSKTtXS 


MU*rt«lSrsUm-Y3SO/P17S  »rapni9  by  - texMl  {orxphlf /Polyialiia 

- 3£»trlK ■ x,nja4a*%#  Or.  • i 57 

- 450T  TM8k»..  . 0.0052  inch 

GoBte&fc  * * . ■ . • 

vtiu.  *»«»  whlci  (Hicimciui 

nbM  caatM  war*  terted  ia  thU  uU*  » 12 

V«U  Coatcst  • 

TMckBear  at  tacit  type  apeebnau 
0*-4  ply;  <W*-1S  ply 


TENSION:  9° 


t"  OccU 

•tod.  d*r.  {kail 
Raaft  (kal) 

Kb.  of  SpacimaB* 
(k^M 

•tod.  day. 

Na.  at  SpaclmaM 

(Ual) 

•tod.  d«y. 

Ho.  of  Spccimaiu 


•“  (aio/to) 

•tod.  day. 

Ho.  alSpMtoiou 


'kf 

•tod.  day. 

Ho.  ofSpcclmasi 

Tsat  Method 

kafaranea 


4' 

(kaU 

atod.  day. 

(k*l) 

Raaga 

(kai) 

Na.  o(  Spoultnana 

r*** 

tktl) 

•tod.  day. 

No.  oC  Spaclmau 

(M.1) 

iVtod.  d«Va 

Ho«  ot  S{Meim«iu 


*j  (Hiii/ln) 

•tnd.  d«T. 

No,  of  ;»p«eiiiaoa« 


Tool  KCothod 
Roforonco 


134.2.194 


350®r 


52.2 

19.9 


134.9-177,  i 
5 


152.9 

20.  « 

132.4.177.8 

S 


Stralfht-wldad  tanaloa 
Dotlon  Oalde 


TENSION;  90* 


3. 


0.40  ] 0.83  i 

3.22-4. 35  ] 2.03-4.16  I 1.10-2.70 

5 5 


O.O25I  1 0.024^ 


Sttcl9t>t-aldad  tanaion 
3«ai9n  Guide 


1.  Coaputad  ualng  alaatic  aodull  and  lonyitudlnal  Poiaton'*  ratio. 
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STRAIN  (In /In) 

sile  Stress-Strain  Curves  for  Unidirectional  T300/P178  Composite 
linates:  0*  Fiber  Orientation. 


0 .001  .002  003  .004  005  .006  ,007 

STRAIN  (in/ In) 

Figure  89.  Tensile  Stress-Strain  Curves  for  Unidirectional 
T300/F178  Composite  Laminates:  90®  Fiber 
Orientation. 
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TABLE  52 


TENSILE  PROPERTIES  OF  T300/F178 
COMPOSITE  LAMINATES 


COMPOSITE  MATERIAL  PROPERTIES 


Material  System  - T300/F178  Prepreg  by  - Hexcel  1 Graohita/Palvimidt 
Fiber  - T300  Matrix  - Pi78  Laminate  Sp.  Gr.  - 

Maximum  Rafcd  Temperature-  450“F  Average  IHy  Thickness D. 0058  inch 
Resin  Content  - No,,  of  panels  tfroa  which  speci- 

Fiber  Content  - mens  were  tested  in  this  table-5 

Void  Content  - Thickness  of  specimens  - 15  pi 


TENSION;  + 45° 


-67®K 


4“  (k,i) 

15.82 

stnd.  dev.  (ksi) 

i 1.02 

Range  (kai) 

^4.30-17.14 

No.  of  Specimens 

5 

1 

(ksi) 

9.02 

stnd.  dev,  (Lsi) 

2.31 

1 No,  of  Specimens 

5 

(Msi) 

X 

2.59 

stnd,  dev. 

0.20 

No.  oi  Spewirase.; 

5 

(xin/in) 

9.000 

stnd.  dev. 

1,100 

No.  of  Specimens 

5 

t 

» 

xy 

0.66 

stnd.  dev. 

0.07 

No,  ©{Specimens 

5 

Test  Method  I 

Rcfuicnce 

17.17 

1.19 


350  °F 


14.61 

0-S5 


9,400 

1,500 

5 


12.18 

0.36 


18,000+^ 


1.  Specimens  elongated  so  much  that  surface  plies  cracked, 
creating  electrical  discontinuities  in  strain  gages. 
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Figure  90-  Tensile  Stress-Strain  Curves  for  Bidirectional  T300/P178  Con^osite 
Laminates;  +45*  Fiber  Orientation. 


TABLE  53 


MaUriu  Sr«t«m  - F1?S 

irab.?  . «oo  Mktibc  - rin 

i<«adnw»n  ilat*4  TtmpmTtJtaxm  - 4S0°f 
%«*ta.CacteBt  • 

TSbtr  CtMLmnt  ■> 

VaiA  CoBteitt  • 


C0I4PRESSIVE  PaOPERTIES  OF  F178 
COMPOSITE  LAMINATES 


COMPOSITE  UATERIAX.  PROPERTrEji 


I Of>p}>U« 

^ ' Aueai 
Ijitriiaf  S|>.  Or.  • a.A. 

Ply 't&ieicacsa  .0.0054  ilt. 
Ko.  erf  pauU  trtxm  wldcb  sp««i<ncM 
w«r«  l»  Urfs  teU«  . i 

nticknMS  oC  apvciasB*; 

20  ply 


137.4 

27.9 

U2.7-1M.S 

5 


iO.SOO^  ] 13, 400^ 


C^lamcM  Coaiprawalon  Cout»a  t Test  Fixtora 
»FUt-.ra-72-20S,  Ft.  1 


So  coapressloD  tests  were  condoetsd 
on  T300/F178  cosposita  Isninstes 
wltb  tbs  90*  fiber  orlaatatioa. 


Fxoportlooal  Halts  reporterf  here  represent  first 
4sti3tioa  froa  linsarity.  Is  sajority  =f  esses,  this 
Oavistion  was  One,  epperently,  to  buckling. 

Oltlaata  strain  veluas  raprasant  aaxianai  observed  strain 
ratber  tban  oltisMte  walnaa.  Buckling  was  observed  in 
■ajority  of  tests. 
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Figure  91.  Con5)ressive  Stress-Strain  Curves  for  Unidirectional 
T300/F178  Con5>osite  Laminates:  0*  Fiber  Orientation. 

172 


TABLE  54 

FLEXURAL  PROPERTIES  OP  PITS  COMPOSITE  LAMINATES 


COMPOSITE  MATERIAL  I=WOPERTIES 


Material  System  - F178  Prepreg  by  - H«xc«l  {Gra{^!l 

Fiber  - T300  Matrix  - FI 78  •— 

Maximum  Rated  Temperature  - Laminate  5p.  Cr,  - 1.56 

Resin  Content  - Average  Ply  Tlucfcncss  - 

Fiber  Content  - No.  of  panels  from  wbicl 

Void  Content  - were  tested  in  this 


Gr  apbitc/Polyimlde 


{ksij 

stnd.  dev.  {bsi) 
Range  f<si) 

No.  of  Specimens 

£ 

(Msi) 

slnd.  dev. 

No.  of  Specimens 


Av&rage  Ply  Tlucfcncss  - 0.  0052  ia. 
No.  of  panels  from  which  specimens 
were  tested  in  this  table  - 2 
Thiefcness  of  each  type  specimen: 
0®-l4  plies;  90®- 1 4 plies 


FLEXURE  : 0® 


-67®F 


200.9 

9.9 


S50®F 


179-1 

11.8 


188.0-214.7  189.3-215.1  153.3-195,8 

5 5 5 


5 

17.05 


5 

16.  e9 


18.43 


4S0®F 


147.4 

7.9 

137.4-159.4 

5 

18.  25 


Test  Method 
R cfcrcncc 


stud.  dev.  {fc 

pi 

No.  of  Specimens 

t 

K (Msi 

y 

stud.  ilcv. 

No,  of  Specimens 


Teat  Method 
Reference 


4 pt.  flexure 
Design  Guide 
1971 


7.91-11.42 

5. 55-1 

5 

5 

1.50 

1. 

0.  08 

0. 

5 

[ 5 

4 

Di 

J 

4.91 

4.14 

0.87 

0.33 

3.77-5.87 

3.  86-4.  70 

5 

5 

1.05 

0.  93 

0.  09 

0.15 

5 

1 5 

exure 

Guide 

1971 

TABLE  5S 

SHEAS  PROPERTIES  OF  T300/F178 
COMPOSITE  LAMIKATES 


COMPOSITE  MATERXAL  PROPERTIES 


Material  System.  - T300/F178 
Fiber  - T300  Matrix  - T179 

Maxlmtim  Rated  Temperature  -450"F 
Resin  Content  - 
Fiber  Content  - 
Void  Content  - 

Thickness  of  each  type  specintent 


Grap^ite^oXvimlde 


IWPIANE  SHIM 


Prepreg  by  - Bexcel 
Laminate  Sp.  Gr.  -R.A. 

Nominal  Ply  Thickness  - 0.0057  in. 
No.  of  panels  from  which  specimens 
were  tested  in  this  table  -6 
Inplane  shear  - 15  ply 
Interlaiainar  shear  - 14  piv 


-67°F 

72“F 

350“F 

450  “F 

T^  <ksi) 

7.91 

1. 59 

7.30 

6,09 

stnd.  dev.  (ksi) 

0.51 

0.60 

0.27 

0.18 

No.  of  Specimens 

5 

5 

5 

5 

Gxy  (Msi) 

0.76 

0.72 

0.52 

0.41 

stnd.  dev,  {Msi) 

0.08 

0.05 

0.02 

0.03 

No.  of  Specimens 

5 

5 

5 

5 

Test  Method 

Reference 

+45“ 
J.  Comp. 

straight-sided  tension 
Mtls.  {V.6,  p.252,  and 

V.7,  p.i241 

INTERLAMINAR  SHEAR 


pisu 

(ksi) 

1 

15.9 

1 

14.8 

10.2 

8.0 

Stnd.  Dev.  (ksi) 

Range  (ksi) 

No.  of  Specimens 

1.3 

14.8-17.7 

5 

0.9 

14.1-16.1 

5 

0.3 

9.9-10.6 

5 

0.4 
7. 4-8. 3 
5 

Test  Method 

Reference 

Short  Beam  Shear,  S/I>=4 

Design  Guide  - Jan. , 1971 

STRAIN  (in/ in) 

Figure  92.  Inplane  Shear  Stress-Strain  Curves  for  T300/F178  Coir^osite  Laminatest. 
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Figure  94.  Tensile-Tensile  Fatigue  Behavior  of  Unidirectional  T300/P178  Composite 
L&mlnates  at  350 **F:  0“  Fiber  Orientation ^ R«0.10,  30  Hr. 


Figure  96.  Tensile-Tensile  Fatigue  Behavior  of  Unidirectional  T300/P178  Composite 
Laminates  at  72 “F:  90*  Fiber  Orientation,  R*0.10,  30  Hz. 


-Tensile  Fatigue  Behavior  of  Unidirectional  T300/F178  Composite 
;es  at  350 ®P:  90*  Fiber  Orientation,  R«0.10,  30  Hz. 


Figure  98.  Tensile-Tensile  Fatigue  Behavior  of  Unidirectional  T300/P178  Con^osite 
Laminates  at  450 **P:  90®  Fiber  Orientation,  R»0,10,  30  Hz. 


Tensile-Tensile  Fatigue  Behavior  of  Bidirectional  T300/F178  Composite 
Laminates  at  72 ®F:  +45®  Fiber  Orientation,  R“0.10,  30  Hz, 
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TABLE  57 

CREEP  PROPERTIES  OF  T300/P178  COMPOSITE  lAMINATES 


i 


186 


Ket««i  All  values  r«(ic«sant  arithmetic  avatsgas.  Resldusl  atranqths  Aotermined  by  tansila  teat  at  T*»r 

1.  Three  epeclmen*  failed  on  loading  or  during  teat. 

2.  One  epeelmen  failed  on  loading  or  during  last. 

1.  Too  tpeeiMsna  falltd  on  loading  or  during  teat. 

1.  Tw  apeelmena  failed  on  loading  or  during  teat  and  strain  ga<je 
fallad  on  third  apactnen. 


I 


I21.8ksi 

350*F 

IQ6.6ksi 


450*F 


Figure  102.  Tensile  Creep  Behavior  of  Unidirectional  T300/F178 
Composite  Laminates;  0®  Fiber  Orientation. 


L8R 


4.67  ksi 


m 


^ “ 2 

• O 1 

'Jl  « g II 


m 

^ o m ] 
e 


^ m i 

o 


-m 


e I 

o * ^ t 

o«  M r»  <n  t 


j:  4-  o 

O vk  «r 

• O * *n 

*-«  ¥>  **»  <#i 


o I • ■♦•  • •« 


^ ^ • 0 

*4-  • ■ 4.  « 

o JA  m en  m 10 

f*4  n f-t  lA  «*4 


5 >»S>i 
£ #-l#H  M 

a D.  a 

Q 

ka  m 08 
40  1-4 

• 

«£  I I I 
Sill* 

« o o <n 
t:  * ■*. 
S +1 


- * • X • 

e S I ? I 

- 2 i .*  i 

>;  .•  <1  tn  •> 
? » a,-,  o. 
.4  o w • 01 

• **  “a  .3  "S 

« « o *0  o 

i:  5 o *1  o 


Ct  ^ m jl  m 

«k  C 7 I* 

5.  £ I S-| 
- 2 i s i 

s.”  s. 

« o “>  “S  <" 

It  V*  9 w 

« „ o 2 o 

£E'«- 
i j o « o 


mHKKZ  m t*Z  om: 


zr^  m A <K 

m tt  **  c 

ei.  8 I 
- 2 J £ J 

5 h S."  g. 

-4  0 w « w 


Z Ji  O ^ O 

M h Z ^ £ 


z * 

~ £ * JS  a 

a c.  **  c. 

5.  S » S'  1 

c»  fci  « c e 

^ 9 c « c 

S “5  5 u 

^ fu  Ob^  Om 

J - M ■#  « 

^ w 9 w< 

5 *»  o 2 ® 

^ S a a a 

£ 5 o • a 
g H Z « * 


C £ 3 1 

« • a " 

O.  >«*2  ' 

" E S I 
»i  S I 

I 

I 2 

*<  i 5j 

^ ^ 35  I 


« t 

g g 

£ 

D 

ei 


♦ ♦ * a 4 • 

o^rmcNi 

M flK  H O -I 

lA  kA 


f*i  lA  in  n m 


I ^ kO 

• O J *4  a 

«H*|n  10  kAAfAkAfA 
f4  O « 

M lA  p4 


2 -3 

> M 

•a.  » 

i 

so  JJ  J 

ts  ’•  s 

lA 

. I « 

««  I 

S c "g 

c J 

' 0 «;  t; 

Q S 

Y O S 


*U  M *3 

S.*"  t 

W j tA 
< W 9 
d 9 0 
«#* 

• • « 

0 9 0 

z OS  s: 


w <&  « 4:  o 

j • s 

^ 3 fi  « E 

• = u £ o 

5 a • 10  • 

^ Ob  M 0» 

•J  o * a “ 

-:*32'3 

£ J o’  5 o 

g H SB  itf  Z 


E S E 

«w«  «*a 

tf  X*  u 

8.2  8. 
10  4 <A 
M 9 %a 
0^0 
a *Sk  • 

O t>  0 

Z OS  Z 


U 

« j;  « 

J!  B S Mg 

r 3 S g E 

O 9 o £ u 

S l2  a”  c. 

J o«  - “ 

5 B « *3  « 

so  B^ 

* c * • • 

>2  c o « a 

g P ZtB  Z 


«•  ^ « O 

W AJ  B • B 

< IB  H«  r» 


ta  •pBclmna  failed  on  loading.  4,  Three  speclBienB  failed  on  loading  or  during 
apeclmen  failed  during  test.  t:esc. 

speclmena  failed  on  loading.  5.  Two  apeclmens  failed  on  loading  or  during  teat 


TABLE  59 

1HERM0PHYSICAL  PROPERTIES  OF  PI 7 8 
COMPOSITE  LAMINATES 


C0M70SZTE  MATSSZAl,  PROIPERTZES 


Mater IaI  System  - ri78  Prepceg  by  - HcxeeX  | Granite/ golyiaij.de 

Fiber  - T300  Matrix  - sna 

Maximum  Temperature  Sating  - 4S0*F  Laminate  Sp.  Gr.  - 1.57 
Resin  Content  - Average  Ply  Thickness  - 0.0052  inch 

Fiber  Ccmtent  - Mo.  oC  panels  Crom  trtiich  specimens 

Void  Content  - were  tested  in  this  table  - 4 

Thickness  of  each  type  specimen:  Therm.  Exp.-  20  ply  Spec. at.-  14  ply 

Therm.  Cond.-  20  ply  Glass  Trans.- 14  plj 


TBESffiOPHTSICAL  PBflPSBTIES:  0* 


-67«F 


Thermal  Expansion 
«3{(uin/tn-*F) 

ety{yin/in-*F) 

Mo.  of  Specimens 
per  direction 

Specific  Seat 

Cp  (btu/lb.-*F) 

MO.  of  Speci-mens 

Thermal  Conductivity 

(btu-£t/ft2-hr-‘E 

HO.  of  Specimens 

Glass  Transition  Temp. 
Dry  (•?) 

Wet  CP) 


72*E 

350*F 

450*F 

AO 

*0 

iO 

17.3 

23.3 

23.3 

4 

7 

3 

0.13 

0.30 

0.31 

1 

1 

1 

0.21 

0,3€ 

0.43 

3 

8 

7 

None  observed  up  to  4S0*P 
246*F 


1.8 

1.8 

5 

6 

THEBrtOPHTSICAI.  PROPERTIES:  MS' 


Thermal  Expansion 
a^Cuin/in-'F) 

Mo.  of  Specimens 
per  direction 

Thermal  Conductivity 
k*  (btu-£t/ft2-hr-*F 

Ho.  of  Specimens 


Dote:  On  unidirectionally  reinforced  specimens,  the  x-dlrection  is  along  the 
fiber  axis,  the  /-direction  is  across  the  fiber  axis,  and  the  s-direc- 
tion  is  through  the  thickness  (identical  to  /-direction) . On  ■l■4S* 
bidirectionally  reinforced  specimens,  the  x and  y directions  are 
identical  and  oriented  at  45*  to  either  fiber  direction,  while  the 
s-direction  Is  through  the  thickness. 
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TABLE  60 


TENSILE  AND  SHEAR  PJK5PERTIES  OF  T300/Fi78  COMPOSITE 
LAMINATES  AFTER  HUMIDITY  AGING 


! 

i 

I 

1 

i 

i 


I 


COMFMXTS  MATEatAI,  PROPERTIES 

'^*r*'*t  *T  ~ “**'*»^  iGttphiU/PalyUnld* 

L«mU>ata  Sp.  Cr,  • 1.57 
Avaraf*  Ply  ThUtoioaa  .0,0054  inch 
Mo*  of  paAala  from  oAilcK  apacimaAa 
wara  taatad  la  thla  tabla  . 3 
Aflac  Caadttions  - 160*F  aad  1001  S.B. 
Ttilckaaaa  of  caclt  typa  apeclmant 
90*-lS  plyi  latar.  Sb»Ar  - J4  pty 


TEUSIONi  90“ 


j 

--  - ■ - ■ — -■■■■■■  1 

' " "1 

3 50“F 

72“P 

SSO^P 

Eapoaura  Tima  (bra} 

24.5  I 

24.5 

1 

€43 

642 

Waicbt  Cain  {%  of  orlf.  dry  wt.  > 

o.ss 

0.80 

1.83 

1.63 

Stad.  Dtv.  (%}  1 

0.03 

0.02 

0.07 

0.02 

No.  of  Spaelmaaa  ! 

4 

4 

5 

1 

4 

Py 

2.42 

2.51 

2.15  ! 

0.50 

Stad.  Oav.  (kal) 

2.40 

0.81 

l.SS 

0.20 

iUa|a  (kmt) 

a.»$-5.oo 

1.57-3.73 

0.4-3. 8 1 

0.33-0.71 

IJo.  of  Spaelmaaa 

4 

4 

5 

3 

Py**’  (feal) 

1.85 

1.90 

2.16 

0.50 

stad.  Oav, 

1.28 

0.53 

1.55 

0.20 

Ho.  of  Spaelmaaa 

4 

4 

5 

3 

E*  (Mai) 

1.33 

0.85 

1.33 

0.71 

Sl^d.  Dar. 

0.07 

0.08 

0.09 

0.16 

Ho.  of  Spaelmaaa 

4 , 

4 

5 

3 

Oy*  Iji  la/ln) 

1900 

2900 

1700 

770 

Stad.  Oav. 

1800 

1000 

' 1200 

300 

Ho.  of  Spaelmaaa 

4 

4 

5 ! 

3 

Taat  Motbod 

Stralfht. 

t«n«too 

Rafarenea 

OaalCB  Outdo 

MTX&LAMIMAR  SHEAR 


Maturlal  Sytiom  . T300/F17S 
Ptbar  . TSOOf  Matrix  • ri?8 
MaxIoMim  Ratod  Temperatura  - 4S9*F 
Realn  Contant  - 34.5%  by  vb. 

Pibar  Contant  . 55.3%  by  901. 

Void  Csatant  . ao% 


Expaaurc  Tima  (hra) 

21.5 

21-5 

408  ' 

408 

Walcbt  CaU  {%  of  orig,  dry  wt. ) 

0.77 

0.77 

1.39 

1.41 

Stad.  Sav.  (ft) 

0.09 

0.13 

0.10 

0.06 

Ho.  of  Spaelmaaa 

5 

5 

3 

3 

(kai) 

13.05 

8.00 

11.33 

7.38 

stad.  Oav.  (kai) 

O.fil 

0.44 

0.29 

0.41 

Raaga  (kai) 

13.24-13.95 

7.143-1.40 

11.10-11.66 

6.94-7.76 

He.  of  Spaelmaaa 

5 

5 • 

3 

3 

Taat  Matbod 

Short  Baam  8 

liaor  ^ 

Rafaaaaea 

Oaalia  Culda  • laa. , 1971 
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4,5  COMPARATIVE  ENVIRONMENTAL  BEHAVIOR 


One  of  the  points  of  particular  interest  relati\>e  to  the 
data  generated  in  this  program  is  the  con^arative  susceptibility 
of  the  different  con^osite  materials  to  degradation  during,  or  as 
the  result  of,  elevated  temperature,  high  humidity  aging.  Figures 
106  and  107  illustrate  the  effect  of  both  test  temperature  and 
moisture  absorption  upon  the  strength  retention  of  these  composite 
materials.  The  notations  “saturated"  and  "50%  saturated",  recall, 
refer  to  the  specimen  condition  just  prior  to  testing.  As  dis- 
cussed in  Section  3.4,  the  specimens  tested  at  elevated  tem- 
perature undoiibtedly  dary  out  to  some  extent  during  the  testing 
process.  A few  seeming  anomalies  are  apparent  in  these  figures: 
(1)  the  72 “P  values  for  partially  saturated  SP313  and  AS/3004 
90“  tension  specimens  are  higher  than  the  values  for  dry  speci- 
mens; (2)  the  90“  tension  strengths  of  the  partially  saturated 
T300/P178  specimens  seems  uninfluenced  by  test  temperature;  and 
(3)  the  partially  saturated  interlaminar  shear  specimens  of 
AS/4397  were  stronger  than  the  dry  specin«ns.  No  definitive 
reason  for  these  apparent  anomalies  can  be  stated. 

Cougar isons  of  the  general  trends  indicated  by  the  data 
indicate  that  (1)  the  polysulfone  matrix  is  slightly  less  de- 
graded than  the  epoxy  matrix  dxiring  humidity  aging;  (2)  the  two 
polyimide  matrices  resist  degradation  better  than  either  the 
epoxy  or  polysulfone  matrices  do  insofar  as  interlaminar  shear 
strength  retention  is  concerned;  (3)  up  to  250“F,  the  polysulfone 
matrix  seems  to  retain  more  90“  tensile  strength  than  either  of 
the  two  polyimide  matrices  although  250“F  data  for  the  two  poly- 
imides  were  not  obtained. 

Other  investigators  have  obtained  humidity  aged  data  for 
the  T300/F178  system  which  shows  little,  if  any,  strength  loss 
in  90“  tensile  coupons  as  the  result  of  humidity  aging Since 
the  data  here  indicate  a marked  (although  not  unusual)  loss  of 
strength  with  moisture  absorption,  this  area  no  doxifat  deserves 
more  thorough  evaluation. 


- SECrKm  S - 

CONCLUSIONS 

Each  of  the  conclusions  listed  in  this  section  was  arrived 
at  through  inspection  of  the  data  in  Section  4 and  represent 
generalizations  of  overall  composite  behavior.  Exceptions  to 
each  of  these  generalized  conclusions  can  be  found  if  the  data 
are  scrutinized  in  sufficient  detail.  In  most  cases,  these 
exceptions  are  at  least  mentioned  and  discussed. 

1.  The  static  strengths  (tensile,  con5>ressive,  flexural, 
inplane,  and  interlaminar  shear)  of  each  material 
evaluated  in  this  program  decreased  with  increasing 
test  temperature.  In  those  cases  where  this  was 

not  true,  the  exception  usually  proved  to  be  a lower 
strength  at  -67®P  than  at  72 ®P.  This  most  probably 
is  due  to  increased  sensitivity  to  brittle  failure 
at  the  lower  temperature. 

2.  In  those  cases  where  the  elastic  modulus  is  primarily 
fiber  dependent,  the  test  ten5>erature  had  relatively 
little  effect  on  the  modulus  (0®  tension,  0°  con^res- 
sion,  0®  flexure) . In  those  cases  where  the  con^site 
modulus  is  primarily  matrix  dependent,  however,  the 
modulus  for  each  material  decreased  with  increasing 


I temperature  just  as  the  strengths  did. 

I 3.  The  ultimate  elongations  of  the  fiber  dependent  spe- 

I cimens  behaved  in  roughly  the  san^  fashion  as  the 

I strength,  decreasing  with  increasing  tenqperature , 

1^  The  ultimate  elongations  of  the  matrix  dependent 


specimens  (90®  and  +45®  tension  and  90*  compression) 
increased  with  increasing  temperature  for  any  specific 
stress.  Since  the  ultimate  stress  for  these  specimens, 
however,  was  simultaneously  decreasing,  the  actual 
ultimate  elongations  for  these  type  specimens  exhibited 
some  increases  and  some  decreases  with  increasing 


197 


4.  The  thennal  conductivity  and  specific  heat  increased 
with  increasing  ten^rature  for  all  four  systeHS. 

5.  The  coefficient  of  thermal  expansion  seen^d  relatively 
independent  of  temperature  for  the  SP313  and  AS/3004 
material.  With  the  AS/4397  and  90*  orientation 

with  TJ00/F178,  the  coefficient  increased  with  in- 
creasing ten^rature  while  that  for  the  +45*  orien- 
tation with  T300/F178  decreased. 

6.  Fatigue  life  for  each  material  decreased  with  in- 
creasing temperature  at  equivalent  stress  levels. 

7.  The  relatively  large  plastic  strains  undergone  by  the 
AS/3004  +45“  orientation  leads  to  substantial  inteimal 
energy  dissipation  and  self-heating  in  fatigue  tests 
at  30  Hz.  This  phenomena  also  0';curred  for  the  other 
three  materials  but  only  at  significantly  higher 
stresses.  The  onset  of  this  phenomena  seems  to 
occur  at  cyclic  strain  levels  of  above  about  20%  of 
the  static  ultimate  strain. 

8.  Creep  increased  with  increasing  temperature  for  each 
material  while  the  stress  rupture  lifetime  decreased. 

9.  Humidity  aging  decreases  the  strength  of  each  material 
evaluated.  The  polysulfone  system  seems  less  affected 
than  the  epoxy  system  by  moisture  absorbtion  but  the 
interlaminar  shear  data  indicate  that,  on  an  absolute 
basis,  the  two  polyimide  systems  withstand  moisture 
degradation  better  than  either  the  epoxy  or  polysulfone 
system.  The  90*  tensile  data,  however,  are  not  as 
clear-cut;  with  tiie  polysulfone  system  looking  best 

up  to  250*F  but  unusable  at  the  350®F  ten?>erature  at 
which  the  two  polyimides  were  tested. 
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A?FES©IX 


PREPREG  QUALITY  COSTROL  TEST  SPECIFICATIONS 
AND  TEST  RESULTS 


This  appendix  contains  copies  of  the  test  specifications 
adhered  to  in  determining  prepreg  properties.  It  also  contains 
the  test  res^}lts  obtained  frost  running  these  various  tests  upon 
the  prepreg  materials.  Summaries  of  these  data  are  presented 
in  Section  4. 
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3M  TEST  METHOD  - SP313 


PREPREC  TEST  METHOD 
V PLAT  I L E C 0 H T E N T 


1.  Cut  3 specimsn9  of  3”  X 3”  in  siee, 

2.  Weigh  to  the  nearest  O.OOX  gran.  Record  the  weight  as  W^. 

3.  Preheat  an  air  circulation  oven  to  250^F.  and  iiamediately  after 
weighing  suspend  the  specinens  in  the  oven  on  a removable  rack. 

4.  Expose  the  specimens  to  2S0°F.  for  15  minutes.  Reuiove  the  rack. 

5.  Place  the  specimens  in  a desiccator. 

6.  When  the  specimens  have  cooled  to  room  temperature,  remove  them 

from  the  desiccator  and  weigh  to  the  nearest  0.001  gram.  Record  this 
weight  as  W^. 

7.  Calculation. 


Z Volatile  Content  • ^1  " ^2 


8.  Report  X volatile  content  by  weight  as  the  average  of  three 
specimens . 
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3M  TSST  METHOD  - SP313 


I 

I 


PREfREG  TEST 
PLOW 


^The  following  flow  test  Is  designed  to  correlate  with  current  autoclave  and 
blanket  press  molding  techniques  for  flowing  resin  over  the  surface  area  of  a 
composite  layup. 

1.  Prepare  3 flow  specimens  from  Che  prepreg  sample.  Each  speciarnsn  shall 
consist  of  2 ply  of  prepreg  oriented  at  0^  -*  90  . Specisien  siae  is 

y,  y,y, 


2.  Weigh  prepreg  specimen  and  record  as  W^. 

3.  For  each  specimen  cut  (2)  two  4"  X 4"  squares  of  TX>1040  porous  bleeder 
release  fabric.  Also  for  each  specimen  cut  four  (4)  4"  X 4"  squares  of 
style  jPl  bleeder  fabric  and  two  (2)  8“  X 8"  squares  of  1 - 2 mil 
mylar. 

4.  Center  the  prepreg  sample  between  the  squares  of  TX^IOAO  fabric.  Place 
2 ply  of  Style  180  bleeder  fabric  on  each  side  of  the  TX-1040  followed 
with  the  mylar  film. 

5.  Place  the  layup  sandwich  between  two  (2) 
caul  plates. 

6.  Insert  Che  total  layup  into  a platen  press  preheated  to  350°F.  and  apply 
90  psl  immediately.  Cure  for  15  minutes. 


7,  Remove  the  layup  from  the  press.  Remove  any  resin  flash  from  the  composite 
specimen  and  weigh.  Record  as  W^. 


8.  Calculate, 


u • U 

X Flow  - “l  2 


X 100 


9,  Report  average  of  3 specimens. 


NOTE: 


* Three  or  mote  specimens  can  be  cured  in  one  cycle. 

“ Temperature  and  cure  cycle  can  be  varied  to  correlate  with 
spe'  ific  ciii'c  conditions. 
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i TRW  TEST  B5ETH0D 

I AS/HME-Volatile  Content 

1 


APPENDIX  I 

TEST  PROCEDURES  FOR  CHARACTERIZATION 
OF  GRAPHITE  TAPE  AND  COMPOSITES 


I.l  GRAPHITE  TAPE  CHARACTERIZATION 


I. 1-1  Volatile  Matter 

Volatile  content  of  graphite  prepreg  was  determined  by 
thermally  treating  a tarred  sample  for  30  minutes  at  350 *F. 
After  cooling  to  R.T.,  the  specimen  was  reweighed  and  the 
volatile  content  was  calculated  by  the  following  formula: 


Wi  - W2 

Volatile  Content  « rs X 100 


Where: 


« Weight  Sample 

W2  = Weight  Sample  After  Heat  Aging 
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VOLATILE  CONTENT 


BS-SG>500/232 

t-i-n 

Table  II.  Mechanical  Properties  (at  77®  + 5®  P) 


Property 

Unit 

Hinimum  average 
Value 

Longitudinal,  flexural 
strength 

Psl 

200,000 

Longitudinal  flexural 
siodulus 

Psi 

15,000,000 

Short  beam  shear 

Psi 

10,500 

TEST  METHOM  j 


Teat  apecimena.  Test  speciineiis  for  mechanical  and  thickness  testa  shall  be 
prepared  in  accor<lance  with  HD-SO- 2-6007. 

Volatiles  content  teat.  The  volatiles  content  of  the  tape  shall  be  deter- 
mined as  follows : 

a.  Welgb.  a nominal  10  gram  specimen  of  prepreg  to  the  nearest  ttilligram. 

No  vessel  required. 

b.  Place  weighed  specimeo  on  aluminuai  foil  or  other  suitable  base  and  bake 
2 hours  in  a 300-32C°F  circulating  air  oven. 

c«  Reweigh  baked  specimen  after  cooling  to  ambient  temperature. 

d.  Calculate  volatiles  content  as  follows; 

Volatiles  Content,  weight  percent  ■ 


inn  . inn  /Wt  of  Baked  Prepreg. 

^Init  Wt  of  Prepreg  ^ 


Resin  content  test.  Resin  content  shall  be  determined  in  accordance  with 
procedure  ft  of  HD-$0-2-6006. 


I 

} 

I 

I 
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BEIKTOLES  SPBCIFIC&7XCH$ 

RS/30m~m3:  m/4397 
PREPREG  RESIN  CONTENT 

BD-S6-2-6006C 


5.2*6  Procedure  g faathvlene  chloride  extraction  method).  Determine  resin 
eontent  o6  prepreg  tape  by  toethylene  chloride  extraction  as  follows: 

a*  Prepreg  saddles  shall  be  as  specified  in  table  I*  Take  duplicate 
test  specimens,  one  from  each  end  of  the  sanple. 

b.  Neigh  the  first  specimen  to  the  nearest  0.001  g. 

c*  Place  specimen  in  a 250  ml  Erlenmeyer  flask  and  add  100  to  125  ml 
methylene  chloride. 

d.  place  rubber  stopper  on  flask  and  shake  gently  for  about  1 minute. 

e.  Decant  off  methylene  chloride,  being  careful  not  to  lose  ady  fiber. 

£.  Repeat  steps  c,  d,  and  e two  more  times. 

g.  Remove  specimen  from  flask  and  remove  excess  methylene  chloride  by 
patting  with  a clean  towel. 

h.  Place  specimen  in  an  oven  for  a minimum  of  5 minutes  at 
177  t 5°  C. 

1,  Remove  specimen  from  oven,  cool  to  room  temperature,  and  weigh  to 
the  nearest  0.001  g. 

j.  Calculate  resin  content  as  follows: 


Resin  content,  weight  percent  « 


where;  Wj  ■>  original  weight  of  sanple,  g 
=»  final  weight  of  sample,  g 

k.  Repeat  steps  b through  j for  the  second  specimen. 

l.  Report  the  resin  content  as  the  average  of  the  two  determinations 
to  the  nearest  whole  percent. 

5.3  Resin  flow.  The  resin  flow  properties  of  the  prepreg  shall  be  determined 
In  accordance  with  procedure  A or  procedure  B as  specified  In  the  applicable  pre- 
preg specification  sheet. 


W, 


X 100 
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HERCULES  SPECIPIC&TIC^ 
2^/4397  VOLATILE  CONTENT 

5.  TEST  PROCEDURES 


5*1  Votattleo  content.  The  volatiles  content  of  the  ptepreg  shall  be  ieter- 
in  accordance  with  the  following; 

5.1*1  Test  specimena.  Teat  specimens  shall  be  as  follows; 


a.  Two  2-lnch  square  specimens  (1.0+  0.2  grams)  of  prepreg  are  to  be 
analysed. 

b.  Release  paper  must  be  removed  prior  to  analysing.  Any  resin  adher- 
ing to  the  release  paper  will  be  lost  to  the  teat. 


5.1.2  Test  procedure.  The  test  procedure  shall  be  as  follows: 

a.  Condition  new  Gooch  filtering  crucibles  in  beaker  containing  con-* 
Generated  HNO3  for  a minimisn  of  1 hour  at  100  + 5®  C.  Wash  with 
water,  dry  in  oven  at  93  + 3°  C and  desiccate. 

b.  Weigh  conditioned  filtering  crucible  to  the  nearest  0;1  milligram 

(®8). 

c.  Carefully  remove  release  paper  from  prepreg  specimen  and  place 
specimen  in  fared  crucible. 


d.  Weigh  crucible  containing  specimen  to  the  nearest  0.1  mg. 


e. 


M^peci^n  injttn  oven  maintained  af-  93.5 


ftnutes'^and  A'  maximum 
in  the  app^ica^e  pr 


lan  of  l.2‘ 

^re^l 


lU  minutes, 
spe^ficatlon. 


NOTE 


Frepregs  with  polyljnide  resin  systems  should  be  conditioned 
at  288  + 3**  C for  60+1  minutes. 


f. 

g> 


Remove  crucible  from  oven,  cool  to  room  temperature  in  a desiccator, 
and  rewelgh. 

Calculate  volatiles  content  of  prepreg  as  follows; 


Weight  X 
where:  Wj  •» 


W 


2 


tf 


3 


Wj  - W. 

Volatiles  ••  — x 100 

"2  ” "1 

weight  of  empty  conditioned  filtering  crucible, 
grams  (g) 

original  weight  of  crucible  and  specimen  before 
heating,  g 

final  weight  of  crucible  and  specimen  after  heating. 
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HERCmJBS  SPSeiFICft^IC^J 
AS/4397  FLOW 


HD>SG-2'-6006C 


I 

i 


§ 

I 


} 


? 


I- 

t 


I 

I 

I 


Xh«  rttstn  flow  pr^erties  of  the  prc^reg  shall  be  detemined 
in  accordance  with  procedure  A or  procedture  B as  specified  to  the  applicable  pre« 
preg  specification  sheet. 

5«3»l  Procedure  A.  heterBlne  resin  flow  as  follows* 

a.  The  test  apecisten  shall  consist  of  two  uniformly  cut  pieces  of 
preg.  Each  piece  shall  be  2 Inch  by  2 inch* 

b.  Cut  four  approximately  3-lnch  squares  of  glass  bleeder  cloth  for 
each  test. 

c.  Cut  two  approximately  3- inch  squares  of  porous  tetrafluorcefhylene 
(TFE)  release  cloth. 

d.  Cut  one  approximately  6*lnch  by  12-inch  piece  of  aluminum  foil. 

e.  If  the  prepreg  has  release  paper  on  both  sides,  reniove  the  release 
paper  from  one  side  of  each  of  two  2x2  Inch  specimens. 

f.  Sandwich  the  exposed  sides  of  the  graphite  together  so  that  the 
fibers  are  oriented  90  degrees  to  each  other.  Then  remove  the 
release  paper  from  one  side  of  the  specimen  sandwich. 

g.  Heigh  the  satidwlched  specimen  to  the  nearest  milligram  on  a preci- 
sion balance.  The  side  of  the  sandwiched  specimen  with  the  release 
paper  attached  is  to  he  placed  on  the  balance  pan.  Record  the  weight 

as  V^. 

h.  Fold  the  6 x 12  inch  sheet  of  aluminum  in  half  to  form  a 6 x 6 Inch 
square.  Then  unfold  and  lay  on  a flat  surface. 

I,  Stack  two  pieces  of  the  fiberglass  bleeder  cloth  on  one  another 
and  lay  them  on  top  of  the  aluminum  foil  aligning  one  edge  with 
the  center  crease  of  the  foil. 

J.  Center  one  piece  of  release  cloth  on  top  of  the  bleeder  cloths. 

k«  Center  the  exposed  side  of  the  prepreg  specimen  on  top  of  the 
release  cloth. 

1.  Remove  the  final  piece  of  release  paper  from  the  specimen  and  weigh 
the  release  paper  to  the  nearest  milligram.  Record  the  weight  as 


a.  Center  one  piece  of  TFE  release  cloth  on  top  of  the  freshly  exposed 
graphite  surface  of  the  specimen;  then  place  two  pieces  of  bleeder 
cloth  on  top  of  the  release  cloth. 

0.  Fold  the  aluminum  foil  over  to  form  a 6 x 6 inch  square  con^leting 
the  sandwich  lay-up. 
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HERCULES  SPECIFICATION 
AS/4397  FLOW  (concluded) 


BH-SG-2-6006C 


o.  Pra-set  tb  > wempsraturc  of  the  platen  press  to  the  teaperature  speci- 
fied in  thi  applicable  prepreg  specification  sheet  and  check. 

p*  Place  the  sandwiched  specimen  on  the  top  platen  of  the  press  and 

inssediately  (within  15  seconds)  apply  the  pressure  specified  in  the 
applicable  prepreg  specification  sheet  to  the  specimen.  Start  a 
timer  when  the  required  pressure  is  obtained. 

q.  Remove  the  specimen  from  the  press  after  the  time  specified  in  the 
applicable  prepreg  specification  sheet  has  elapsed,  Allcw  specimen 
to  cool  to  room  temperature. 

r.  Remove  the  graphite  specimen  from  the  lay-up.  Insure  that  no  fibers 
are  removed  with  the  release  cloth. 

s.  Remove  any  resin  which  has  extruded  from  the  body  of  the  graphite 
specimen  and  is  clinging  to  the  edges, 

t.  Re-weigh  the  graphite  specimen  to  the  nearest  milligram.  Record 
weight  as  Wj, 

u.  Calculate  the  percent  rasin  flow  as  follows: 

(Wj  - 

Resin  flow,  percent  = n 5 x 100 

“ 2 

where:  Wj^  = initial  weight  of  specimen  plus  one  piece  of  release 
paper,  g. 

Wj  = weight  of  release  paper  from  g. 

V 

Wj  * final  weight  of  specimen,  g. 

v.  Report  individual  results  of  two  determinations  and  also  mean  value. 

Note:  In  step  o,  the  temperature  used  for  AS/4397 

prepreg  was  400 “F. 
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HSXCSL  TEST  MBTBOD 
T300/P178 

PREPPE6  PESIH  CONTENT 


Dissolve  two  speciiaens  4*  x 4"  in  NQMP  {n-nethyl  pyrrolidone) 
Heat  up  to  125®P  for  approximately  15  minutes.  Filter  off  resin. 
Wash  off  with  acetone. 
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Material:  SP313 


PREPREG  PHYSICAL  PROPERTIES 


3M 


Vendor i 


Lot/Batch 

Nt^er 

Spool/Roll 

Number 

Volartile 
Content 
{%  by  wt) 

» — ■ 

Resin 
Content 
(%  by  wt) 

Resin 

Plow 

<%  by  wt) 

661 

a:PS07606J#l&2 

0-25 

39.0 

15.9 

662 

SLPS07606J-1~1 

0.25 

39.2 

16.1  

662 

0.27 

39.4 

16.2 

662 

SIPS07606J^l~3 

0.26 

39.4 

_ 16.3 

662 

SLPS07606J-1~4 

0.14 

38.4 

15.1 

Graphite/epoxy  prepreg  T300  fiber 

PR313  epoxy  resin 

0.005  inch  nominal  thickness 

3- inch  wide  tape 


Test  Procedures  Followed 


Property 

Applicable  Test  Spec. 

Source  of  Test  Spec. 

Volatile  Content 

No  Numerical  Designation 

3M 

Resin  Content 

No  Ntiteirical  Designation 

3M 

Resin  Plow 

No  Ntmerical  Designation 

3H 

Prepreg  test  procedures  supplied  by  3M. 


I«IIM  *»T»-c-rwo 


RP-t051 

3 

cc: 

dtipmant 

1 

cc: 

G.A.  ’Ibrai-230-1 

1 

cc; 

J.W.  Davls-230-1 

cc: 

AFFlDAViT 


STATE  OF  MINNESOTA 


COUNTY  OF  RAMSEY 

The  authorized  representative  of  dte  Minnetott  Mlnirtg  and  Mwtufacturing  Company,  St.  Paul, 
Minnesota,  whose  ngnature  is  givw  below,  being  first  duly  sworn,  does  depose  and  say  that 
the  "SCOTCHPLY"  Brand  Reinforced  Ph^ics  Mat«‘iai  described  below,  complies  wi^  mutually 
89’eed  Speelficattons  and  Purchase  Order  Requirements.  Tlie  Quality  Control  System  complies 
with  all  essential  principles  of  Specificatiom  MIL-I-45208A  and  Ml  L-Q-S858.  Test  report  and 
trace^iity  records  will  be  kept  on  file,  available  for  review  by  the  buyer.  Copies  of  3M  Lot 
Acc^tance  Data  Reports  md  dw  ^ipment  Check  List,  as  may  be  required,  are  attached  to  dris 
Affidavit 

Customer  Name  and  Plant  Location:  IMVnSITy  OF  EAYTON  DAYTON,  OHIO 

Customer  Purchase  Order  Number:  RI-720% 

BP-31112 

3M  Company  Shipment  invoice  Number: 

Applicable  Customer  Specification:  3U  UST  USIHXI6 

3M  Company  Product  Identification:  SP-313  (5.0)  T300,  GRAPHlTE~EPOXy  PREPRBG 

3M  Company  Product  Mfg.  Code:  S07606,  LOT  661  J.  #1-2  (119  net  ft.) 

Shipment  Summary: 

5.8  POUNDS  OF  12"  WIDTH 


PHYSICAL  RROPSITIES: 


Volatile  = 0.1  % 
Resin  Content  = 3D.5  % 

Fiber  Oont«it  = 60.4  % 
Flow  = 19.8  % 


Further  this  Affiant  sayeth  not. 


Subscribed  and  sworn  to  before  me  this 
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II 


PRBPREG  physical  PROPEKPIES 


Material:  W4397 


Vendor : Hercules 


Lot/Batch 

Number 


Spool/Roll 

Nvffldjer 


Volatile 
Content 
(%  by  wt) 

0.23 

0.19 


Resin 
Content 
C%  by  wt) 

42.5 

42.6 


Resrn 

Plow 

{%  by  wt) 


26.5 


Property 


Test  Procedures  Followed  

Applicable  Test  Spec.  Source  of  Test  Spec 


Volatile  Content  HD-SG-2-600C(5 .1) 


Resin  Content 
Resin  Flow 


HD-SG-2-6006C (5 . 2 . 6F) 
HD"SG-2-6006C(5. 3.1A) 


Hercules 

Hercules 


Hercules 


BERCULES  INCQRFORAIED 
QUALITY  ASSURANCE  LOT  DATA  REPORI 


Cu3t<mer;  Universtly  of  Dayton 
Purchase  Order  No:  Rl-76095 

Material:  Graphite  Fiber /Epoxy  Mater ial  Type  AS/4397 
Quantity:  39#  x 12“  nominal 
Lot  no:  382 
Spool  No:  2,3 


I*  Fiber  Properties  53-5 


II. 


Tensile  Strength 
Tensile  Modulus 
Wt./Unit  Length 
Density 

Laminate  Mechanical  Fropertles 


463  psi  X 10^ 

35.5  psi  X 106 
44.57  lb/ in  x 10‘® 
0.0646  Ib/in^ 

Test  Value 

Panel  No.  Averaee/Minitnum 


0®  Tensile  Strength,  RT,  ksi 

3176 

255/252 

0^  Tensile  Modulus,  RT,  msl 

3176 

22.1/21  9 

0®  Flex  Strength,  RT,  ksi 

3175 

252/246 

0°  Flex  Strength  400*F.,  ksi 

3175 

198/168 

0°  Flex  Strength,  450°F,  ksi 

3175 

174/162 

0°  Flex  Modulus,  RT,  msi 

3175 

18.6/18.1 

0 Flex  Modulus,  400^F,  msi 

3175 

17.8/16.5 

0°  Flex  Modulus,  450®F,  msi 

3175 

17.0/15.8 

Short  Beam  Shear,  RT,  ksi 

3175 

14.7/14.6 

Short  Beam  Shear,  400®F,  ksi 

3175 

10.5/10.0 

Short  Beam  Shear,  450°F.,  ksi 

3175 

8. 4/8.1 

90®  Tensile  Strength,  RT,  psi 

3175 

7,240/7,100 

90  Tensile  Modulus,  RT,  msi 

3175 

1.36/1.3/ 

90®  Tensile  Elongation,  7. 

3175 

0.56/0.54 

Panel  Physical  Properties 

Panel  No. 

3175 

3176 

Fiber  Volume,  % 

63.1 

65.0 

Resin  Content,  7. 

28.75 

27.29 

Density  (Ib/in^) 

0.0572 

0.0578 

Void  Content,  7. 

0.99 

0.56 

Ply  Thickness,  Inches  0.0058 

Individual  Spool  Physical  Properties 

0.0057 

Spool  No. 

Resin  Content,  % 


44 


3 

41 
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R.  L.  Franken field/  Representative 
QUALITY  ASSURANCE /DEPARTMENT 


PREPREG  PHYSICAL  PROPERTIES 


i 


Material: 


T300/F178 


Vendor : 


Hexcel 


Irf)t/Batch 

N\anber 

Spool/Roll 

Number 

Volartile 
Content 
{%  by  wt> 

Resin 
Content 
(%  by  wt) 

Resin 

Plow 

{%  by  wt) 

DP021 

4 

41.1 

DP021 

5 

42.2 

Graph! te/polyimide  T300  graphite  fiber  (3000  tow,  309  finistj) 

F178  polyimide  resin 
0.005  inch  nominal  tape  thickness 
12-inch  wide  tape 


Test  Procedures  Followed 


Property 

Applicable  Test  Spec. 

Source  of  Test  Spec. 

Volatile  Content 

Not  Applicable 

— 

Resin  Content 

Nb  Nunerioal  Designation 

Hexcel 

Resin  Flow 

Not  Applicable 

— 

Flow  test  not  performed.  It  is  a high  flow  system,  however; 
22  + 5%  according  to  Hexcel  literature. 
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Shipped  to:  University  of  Dayton 
Research  Institute 
300  Coliege  Park  Ave, 
Oaytonj  Ohio 


p.o.  # RI  77135 

B.O.  it  0P021 

Flexural  Strenqth 

ORT  (psi  X 10^) 

248 

Mod  (psi  X 10^) 

17.9 

500°F 

145 

Mod 

18.0 

Short  Beam  Shear 

DRT  ••  psi 

14,800 

5O0®F  - psi 

7,500 

9/7/76 


S.O.  # 8499243-1 
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PREPREG  PHYSICAL  PROPERTIES 


Material:  AS/BU4E 

Vendors  Ti®? 

1 

Lot/Batch 

Number 

Spool/Roll 

Number 

Volatile 
Content 
{%  by  wt) 

Resin 
Content 
(%  by  wt) 

Resin 

Flow 

{%  by  wt) 

10904 

73-1 

0,72 

jSee  special  sheet 

2.9 

10904 

73-2 

1-20 

See  special  sheet 

2.8 

10904 

73-3 

1.50 

See  special  sheet 

...6..1......._.._ ' 

10904 

73-4 

1-40 

See  special  i^heet 

8.0 

10904 

73-5 

0-75 

See  special  sheet 

4.0 

10904 

73-6 

0.62 

3.2 

10904 

73-7 

1.10 

See  special  Sheet 

3.7 

10904 

73-8 

0.67 

See  special  sheet 

3.4 

10904 

73-10 

1-33 

See  special  sheet 

6.3 

Test  Procedures  Followed 


Property 


Applicable  Test  Spec. 


Source  of  Test  Spec. 


Volatile  Content 


1. 1.1 


TRW 


Resin  Content 


APML-TR-67-243 


AFML-TR-67-243 


Resin  Plow 


No  Numerical  Designaticn* 


3M 


*'S£une  test  as  used  for  SP313.  This  method  employs  a 90  psi 
pressure  while  the  actual  cure  schedule  for  the  HME  resin 
called  for  only  14  psi  (vacuum  bag) . Hence,  the  actual  flow 
during  cure  would  be  less  than  that  measured  here. 
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PREPRBG  PHYSICAL  PROPEHTIBS 


Material : AS/HME 


Lot/Batch 

Huiniber 


10904 


10904 

10904 

10904 

10904 

10904 

10904 


Spool/Roll 

Nundber 


73-11 


73-12 

73-13 

73-14 

73-15 

73-16 

73-17 


V 

Content 
(%  by  wt) 


1.43 


1.88 

0.83 

0.94 

1.16 

0.59 

1.28 


Vendor 


Resin 
Content 
(%  by  wt) 


ial 


3ial  sheet 
;ial  sheel 


ial  sheet 


12.2 


10.9 


Property 


Test  Procedures  Followed 
Applicable  Test  Spec.  £ 


Source  of  Test  St 


I Volatile  Content 


Resin  Content 


Resin  Flow 


1.1.1 

APML-TR-67-243 
No  Nizoerical  Designation* 


AFML-TR-67-243 


*Seuae  test  as  used  for  SP313.  This  nvethod  employs  a 90  psi 
pressure  while  the  actual  cure  schedule  for  the  HME  resin 
called  for  only  14  psi  (vacuum  bag) . Hence,  the  actual  flow 
during  cure  would  be  less  than  that  measured  here. 


TRW 


PREPREG  PHYSICAL  PROPERTIES 


Material : AS/HME 


Lot/Batch 

Nt|Bd>er 

10904 

10904 

10904 

10904 

10904 

10904 

10904 


Spool/Roll 

HunA>er 

75->l 

75-2 

75-3 

75-4 

75-5 

75-6 

75-7 


Volatile 
Content 
(%  by  wt) 

1.88 

1.36 

1.54 

1.64 

1.43 

1.58 

2.08 


I Vendor : 

Resin 
Content 
{%  by  wt) 

See  special  ^heet 

See  special  sheet 

See  special  sheet 

See  special  sheet 

See  special  sheet 

See  special  s^heet 

See  special  sheet 


Resin 

Flow 

{%  by  %rb) 


7.5 

12.9 


Properti 


Test  Procedures  Followed 

Applicable  Test  Spec.  Source  of  Test  Spec 


Volatile  Content 
Resin  Content 


Resin  Flow 


1.1.1 


APML-TR-6 7-243 
No  Numerical  Designation* 


AFML-TR-67-243 


*Sanie  test  as  used  for  SP313.  This  method  employs  a 90  psi 
pressure  while  the  actual  cure  schedule  for  the  HME  resin 
called  for  only  14  psi  (vacuum  bag) . Hence,  the  actual  flow 
during  cure  would  be  less  than  that  measured  here. 


PREPREG  PHYSICAL  PROPERTIES 


1 • 
i I 
1 , 


Material; 


AS/HME 


Vendors 


TRW 


Lot/Batch 

Number 

Spool/Roll 

Nuni)er 

Volatile 
Content 
(%  by  wt> 

Resin 
Content 
(%  by  wt) 

Resin 

Plow 

{%  fay  wt) 

11939 

27-1 

0.80 

■tee  special  Sheet 

5.2 

11939 

27-2 

1.46 

See  special  sheet 

7.9 

11939 

27-3 

1.14 

}ee  special  sheet 

5,2 

11939 

27-4 

1.94 

See  special  ^beet 

11.2 

11939 

27-5 

1.01 

>ee  special  sheet 

4.4 

11939 

27-6 

1.52 

See  special  sheet 

10.5 

11939 

27-7 

3.45 

See  special  sheet 

12.8 

11939 

27-8 

1.55 

See  special  Sheet 

14.5 

Test  Procedures  Followed 


Property 

Applicable  Test  Spec. 

Source  of  Test  Spec. 

Volatile  Content 

1.1.1 

TRW 

Resin  Content 

ArML-TR-67-243 

AFML-TR-67-243 

Resin  Flow 

No  Nimerical  Etesignation* 

3M 

*Saine  test  as  used  for  SP313.  This  Tnethod  employs  a 90  psi 
pressure  while  the  actual  cure  schedule  for  the  HME  resin 
called  for  only  14  psi  (vacuum  bag).  Hence,  the  actual  flow 
during  cure  would  be  less  than  that  measured  here. 
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degree  of  scatter  in  the  resin  content  of  the  HMB  low-flow 
system  resultea  in  a comprehensive  stndy  of  the  resin  content 
variability  of  this  prepreg.  The  special  supplementary  table 
at  the  end  of  Appendix  A presents  the  results  of  this  study  and 
vividly  illustrates  the  magnitt^  of  the  problem.  In  short,  al- 
though each  batch  of  prepreg  did  indeed  fall  within  the  35%  + 5% 
limit  qwted  by  TRW,  in-batch  resin  content  variations  were  quite 
substantial,  ranging  from  a low  value  of  about  2?%  to  a high  value 
of  over  46%.  I^e  problem  was  one  of  non-uniform  resin  distribu- 
tion across  the  width  of  the  prepreg  tape. 
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! 

f, 

1' 


iN,  : 


ariTe«a;pa>iiy^«j:.  jduigByaByj 

AS/HHE  PR) 

BPBEG  RESIN  CONTENT 

Roll  No. 

Restn  Content  {%  by  \yt. 

Max. 

Spread 

Pos.  1 

Pos.  2 

Pos*  3 

Pos.  4 

Pos;  5 

Ayg. 

10904-73-1 

45.88 

44.74 

35.74 

34.31 

29.  39 

38.01 

16.49 

10904-73-2 

37.77 

34.99 

35.24 

33.05 

38.18 

35.85 

5.13 

10904-73-3 

41.09 

34.89 

38.61 

33.90 

32.84 

36.27 

8.25 

10904-73-4 

30.03 

36.92 

36. 04 

42.01 

41.46 

37.29 

11.98 

10904-73-5 

33.18 

39.60 

35.71 

29.97 

36.05 

34.90 

9.63 

10904-73-6 

30.09 

33.66 

42.39 

28.30 

31.70 

33.23 

14.09 

10904-73-7 

34.40 

33.26 

38.89 

37.45 

34.84 

35.77 

5.63 

10904-73-8 

29.57 

33.83 

36.69 

30.92 

35.46 

33.29 

7.  12 

10904-73-10 

41.91 

33.33 

30.80 

34.81 

36.  60 

35.49 

11.  ll 

10904-73-11 

46, 14 

36.21 

39.00 

40.14 

28.97 

38.09 

17. 17 

10904-73-12 

35.79 

42.80 

31.90 

30.32 

31.95 

34.  55 

12.48 

10904-73-13 

40,69 

39.13 

34.61 

34.68 

29.94 

35.81 

10.75 

10904-73-14 

38.36 

32.73 

37.45 

41.13 

32.62 

36.46 

8.51 

10904-73-15 

36.77 

35.65 

34.35 

40.34 

32.79 

35.98 

7.55 

10904-73-16 

35.04 

37.48 

36.26 

36.82 

32.69 

35.  59 

4.79 

10904-73-17 

37.14 

32.02 

31.20 

34.  18 

21.76 

31.26 

15.38 

10904-75-1 

35.01 

32.  33 

38,41 

37.19 

42.73 

37.13 

10.40 

10904-75-2 

30.54 

37.80 

39.44 

37. 10 

40.74 

37.  12 

10.20 

10904-75-3 

41.28 

34.27 

33.27 

36.04 

27.38 

34.45 

13.90 

10904-75-4 

29.76 

34.41 

37.71 

36.48 

39.32 

35.57 

9.56 

10904-75-5 

35.93 

36.93 

35.14 

31.35 

33.07 

34.48 

5.  58 

10904-75-6 

40.24 

30.43 

34. 18 

37.  53 

35.17 

35.51 

9.81 

10904-75-7 

38.22 

43.05 

33.37 

36.61 

27.79 

35.81 

15.26 

11939-27-1 

27.99 

38.39 

33.47 

34.79 

32.89 

33.  51 

10.40 

11939-27-2 

23.93 

39.  50 

32.89 

35.03 

30.63 

32, 40 

15.  37 

11939-27-3 

30.52 

25.95 

30.89 

34.48 

42.43 

32.85 

16.48 

11939-27-4 

38.83 

34,  52 

35.73 

32.77 

28.09 

33.99 

iO.72 

11939-27-5 

42,67 

41.53 

44.87 

31.99 

28.81 

37.98 

16.06 

11939-27-6 

32.25 

41.27 

36.46 

37.66 

43.59 

38.25 

11.34 

11939-27-7 

32.72 

36.39 

38.40 

42.68 

39.19 

37.88 

9.96 

11939-27-8 

1 . ■ ^ 

39.29 

43.10 

40.10 

38. 17 

34.34 

39.00 

8.76 

■ ■■  ■■  -'■«  - — - ■ ■ ■ — , « , t 

^Positions  1 through  5 represent  locations  distributed  uniformly  across  the 
width  of  the  prepreg  tape  from  which  samples  were  taken. 


Intra-Roll 
Spread  (%) 

4-6  6-8  8-10  10-12  12+ 

Population 

4 2 7 8 10 
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APPBHDXX  B 

LAMINATE  PHYSICAL  PROPERTy  DATA 


All  of  the  physical  property  Bteasoresaents  conducted 
the  panels  fabricated  and  used  in  this  program  are 
presented  here.  Summaries  of  these  data  appear  in  Section  4. 


LAMINATE  PHYSICAL  PROPERTIES 


M 


I 

I 

i 


Prepteg 

Spodl/BoH 

No. 


57.9 


61.2 


65.9 


Material: SP313 


i 

No.  ^pec. 
Plies  Grav. 


1.48 


1.47 


1.47 


1.46 


1.57 


1.56 


1.56 


1.56 


1.55 


1.58 


1.57 


1.57 


1.57 


1.59 


1.58 


1.56 


31.4 


32.9 


30.3 


30.2 


30,0 


33.0 


32.3 


33.9 


32.7 


*Coitqputed  according  to  ASTM  D2734-70(B).  Values  indicated  as  — 0 
actually  confuted  as  negative  values,  but  since  negative  void 
content  is  meaningless,  they  are  reported  as  =0 (approximately 
zero) . Inspection  of  photomicrographs  revealed  an  average  void 
content  of  about  2%  by  volume  and  this  is  the  value  reported  in 
Section  4. 


30.3 


29.9 


27.2 


28.4 


29.0 


29.8 


29.3 


29.1 


26-0 


26.8 


27.1 


26.2 


24.9 


O 

0 

15 

90  « 

15 

90^ 

15 

90“ 

15 

90“ 

15 

90“ 

15 

90“ 

15 

90“ 

15 

90“ 

15 

90“ 

15 

1.57 


1.56 


1.57 


1.56 


1.56 


68, 

.0 

67, 

.1 

66, 

.8 

66, 

,2 

69, 

.3 

66. 

,7 

63. 

,7 

62, 

,0 

60, 

.4 

63, 

.2 

63. 

.4 

63. 

5 

60. 

3 

61. 

0 

59. 

2 

60. 

6 

] 


LAMINATE  PHYSICAL  PROPERTIES 


Material:  SP313 


No.  ^lec. 
Plies  Gt^av. 


A26  SO® 


A27 


A28  90® 


15 

1.53 

33.0 

60.2 

15 

1.56 

33.9 

57.4 

15 

1.56 

32.5 

59.5 

15 

1.53 

32.5 

59.5 

14 

1.62 

31.7 

60.3  1 

14 

1.61 

32.0 

BBS 

16 

1.56 

34.3 

57.6 

20 

1.56 

35.5 

56.2 

40 

il.56 

35.4 

66.3 

8 

1.54 

33.7 

58.1 

8 

1.57 

31.0 

61.2 

12 

1.52 

32.3 

60.7 

12 

1.52 

32.4 

58.8  1 

8 

1.54 

32.2 

59.8 

14 

1.56 

33.2 

58.7 

8 

1.55 

31.9 

60.1 

8 

1.55 

32.7 

59.2 

8 

1.56 

31.9 

60.1 

8 

1.55 

32.0 

60.0 

8 

1.55 

31.7 

60.3 

8 

1.54 

30.7 

60.5 

8 

1.54 

31.8 

60.2 

8 

1.55 

31.3 

60.7 

Prqpreg 

Let/ 

Prejpx&g 

Bat^ 

^ooX/Soll 

No. 

No. 

*Coi!?>uted  according  to  ASTM  D2734-70(B).  Values  indicated  as  =0 
actually  computed  as  negative  values , but  since  negative  void 
content  is  meaningless,  they  are  reported  as  ^0  (approximately 
zero) . Inspection  of  photomicrographs  revealed  an  average  void 
content  of  about  2%  by  volume  and  this  is  the  value  reported  in 
Section  4. 


5 


LABUNATB  physical  PltOPBIHriES 

Material:  SP313 

Lm. 

Jto. 

Mo. 

Plies 

^pec. 

Gtav. 

li '■? 

Blicfc” 
ne^  per 
ply 
(mils} 

Pr^^aeg 

Spool/Etoll 

No. 

A56 

+45" 

8 

1.54 

32.5 

59  .*5 

*0 

5.6 

662 

A57 

+45" 

8 

1.55 

31.4 

62.0 

*0 

5.5 

662 

tSSBEKKM 

ASS 

+45" 

8 

1.55 

32.5 

60.8 

AO 

5.7 

662 

j-i-i 

ASS 

■i 

10 

1.47 

34.5 

55.3 

4.7 

5.6 

662 

j-i-i 

A60 

■i 

20 

1.47 

41.1 

50.9 

i.6 

5.9 

662 

j-i-i 

A61 

±45" 

40 

1.52 

32.6 

60-4 

0.4 

5.5 

662 

j-i-i 

A62 

+45" 

8 

1.54 

30.7 

62.7 

0.2 

5.5 

662 

J-l-4 

A63 

+45" 

8 

1.54 

30.9 

62.5 

5.6 

662 

J-1-4 

A64 

IQ 

14 

1.56 

32.1 

59.3 

0.3 

5.6 

662 

J-l-4 

A65 

20 

1.54 

33.4 

59.6 

+0 

5.5 

662 

J-i-4 

A66 

90" 

14 

1.54 

31.3 

62.1 

+0 

5.4 

662 

J-l-4 

A67 

■a 

■B 

1.54 

30.5 

60.1 

2.00 

EDI 

662 

J-i-4 

Avg. 

1,55 

31.4 

61.2 

AO* 

5.4 

St  DU 

0.03 

2.6 

3.2 

— 

0.1 

B 

B 

■ 

— 

*Computed  according  to  ASTM  D2734-70{B) . Values  indicated  as  -0 
actually  computed  as  negative  values,  but  since  negative  void 
content  is  meaningless,  they  are  reported  as  -0  (approximately 
zero) . Inspection  of  photomicrographs  revealed  an  average  void 
content  of  about  2%  by  volume  and  this  is  the  value  reported  in 
Section  4. 
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LAMINATE  PHYSICAL  PHOPERTIES 


Material:  AS/3004 


Jjsm, 

m. 

Fifcesc 

Crien, 

ito. 

Plies 

SpTO. 

Qca\r. 

Hesin 
Ccntait 
(%fay  wt] 

Fiber 

(%by  vol) 

Vbid 

ContKJt* 

vol) 

•IhicSc- 
ness  per 
ply 
Cinils} 

Pr^preg 

Lot/ 

Batdti 

No. 

Pr^preg 

Spool/aoll 

Nd. 

Cl 

O* 

14 

1.52 

34.5 

56 .1 

1.1 

5.1 

376 

6 

C2 

0* 

14 

1.53 

32.6 

58.1 

1.5 

5.8 

376 

3 

C3 

O'* 

20 

1.55 

33.3 

57.0 

1.6 

5.3 

376 

3 

C4 

0« 

14 

1.52 

32.6 

57.6 

2.3 

5.4 

376 

3 

C5 

0® 

14 

1.52 

31.9 

58.7 

2.6 

5.2 

376 

3 

C6 

0® 

20 

1.52 

33.0 

57.7 

1.8 

5.3 

376 

3 

C7 

0“ 

6 

1.55 

32.8 

58.6 

0.3 

5.7 

376 

6 

C8 

0® 

6 

1.54 

31.8 

59.1 

1.3 

5.7 

376 

3 

C9 

0® 

6 

1.56 

31.4 

60.1 

0.4 

5.7 

376 

3 

CIO 

0® 

6 

1.53 

35.9 

55.1 

0.6 

5.7 

376 

3 

Cll 

0® 

*6 

1.51 

37.8 

52.7 

1.2 

5.7 

376 

3 

C12 

0“ 

6 

1.54 

31.4 

59.4 

1.4 

5.7 

376 

3 

C13 

0® 

6 

1.55 

33.2 

57.6 

iO 

5.7 

376 

3 

C14 

0® 

6 

1.51 

38.1 

52.7 

0.6 

5,7 

376 

3 

CIS 

90® 

15 

1.54 

36.0 

55.3 

=0 

5.5 

376 

■ ■ 

3 

C16 

90® 

15 

1.55 

32.9 

58.5 

0.2 

5.7 

376 

3 

C17 

90® 

15 

1.56 

32.4 

59.2 

=0 

5.8 

376 

3 

C18 

90® 

15 

1.55 

33.5 

57.4 

0.2 

5.8 

376 

3 

C19 

+45® 

8 

1.54 

34.8 

55.7 

=0 

5.5 

376 

6 

C20 

+45® 

8 

1.54 

34.0 

57.3 

0.2 

5.3 

376 

6 

C21 

+45® 

8 

1.54 

33.8 

57.4 

0.5 

5.5 

376 

6 

C22 

+45® 

8 

1.55 

33.5 

57,8 

0.2 

5.4 

376 

6 

C23 

+45® 

8 

1.54 

33.4 

57.9 

0.5 

5.4 

376 

6 

C24 

+45® 

8 

1.53 

33.6 

57.2 

1.3 

5.4 

376 

6 

C25 

0® 

6 

1.51 

38.0 

52.7 

0.9 

5.7 

376 

3 

*ASTM  D2734-70(B) 
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laminate  physical  properties 


Material:  AS/3004 


Lam.  Hber  Nd.  | Spec, 
No.  OrienJPlies  1 Gtav, 


Pr^3crsg 

Spool/RsU 


1 


*ASTM  D2734-70(B) 


M 
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LAMINATE  PHYSICAL  PROPERTIES 


Material:  AS/4397 


6 

1.59 

6 

1.56 

6 

1.58 

6 

1.53 

6 

1.57 

6 

1.56 

14 

1.60 

20 

1.56 

15 

1.58 

15 

1.59 

15 

1.58 

15 

1.57  i 

15 

1.59 

15 

1.57 

15 

1.56 

15 

1.59 

15 

1.58 

15 

1,58 

15 

1.57 

15 

1.56 

15 

1.54 

15 

1.60 

15 

1.59 

8 

1.57 

8 

1.58 

29.2 


34. 


29.4 


28.5 


28.0 


28.2 


26.7 


26.3 


28.0 


27.3 


26.7 


26.7 


28.1 


27.6 


26.7 


26.8 


26.3 


28.3 


34.4 


26.5 


27.8 


27.8 


27.2 


66.4 


62.4 


63.0 


56.5 


62.7 


62.7 


66.0 


62.9 


65.3 


65.8 


63.9 


65.2 


65.0 


65.3 


63.9 


56.7 


66.3 


64.6 


64.7 


65.5 


Pre^preg 

^pcx>l/R^ 

No. 


382 

2 

382 

2 

382 

2 

382 

2 

382 

2 

382 

2 

382 

2 

382 

2 

382 

2 

382 

2 

382 

2 

382 

2 

382 

2 

382 

2 

382 

2 

382 

2 

382 

2 

382 

2 

382 

2 

382 

2 

382 

2 

ASTM  D2734-70(B).  Photomicrographs  showed  all  laminates  to  be 
practically  void  free. 


231 


'M 

m 

'^1 


LAMINATE  PHYSICAL  PROPERTIES 


Material:  AS/4397 


+45“ 


+45“ 


+45“ 


+45“ 


+45“ 


+45“ 


+45“ 


+45“ 


0“ 


0“ 


90“ 


+45“ 


+45“ 


No. 

Plies 

Spec. 

Qrav. 

8 

1.58 

8 

1.59 

8 

1.58 

8 

1.57 

8 1 

1.56 

8 

1.58 

8 

1.59 

8 

1.56 

8 

1.56 

8 

1.55 

8 

|1.59 

8 

|1.58 

8 

1.56 

20 

il.54 

6 

1.58 

14 

1.55 

20 

1.55 

6 

1.54 

15 

1.55 

20 

1.55 

20 

1.55 

Avg. 


1.57 

28.5 

0.02 

1.8 

Prejireg 

Spool/tolX 

No. 


ASTM  D2734“70(B).  Photomicrographs  showed  all  laminated  to  be 
practically  void  free. 


LAMINATE  PHYSICAL  PROPERTIES 


Material:  T300/F178 


LAM1NA1PB  PHYSICAL  PBOPEKflES 


Material:  T300/F178 


130. 

Plies 


1.57 


1.S9 


1.60 


1.62 


1.62 


1.64 


1.57 


1.59 


1.57 


1.58 


1.61 


1.59 


1.59 


1.58 


1.59 


1.58 


1.58 


1.57 


1.58 


1.59 


1.56 


33.3 

56.4 

35.5 

53.8 

32.2 

58.0 

32.8 

56.8 

30.9 

59.7 

27.4 

66.4 

30.4 

60.5 

31.4 

59.0 

27.7 

64.0 

28.4 

63.1 

28.3 

63.2 

25.4 

020111 

27.7 

64.0 

26.7 

65.1 

32.6 

57.5 

30.7 

60.2 

28.3 

63.4 

32.9 

56.1 

34.1 

55.6 

33.4 

56.3 

28.4 

63.2 

31.9 

58.9 

31.6 

59.5 

icviRfsi: 


ness  per 

ply 

(Kills) 


DP021 


DP021 


DP021 


DP021 


DP021 


DP021 


0P021 


DP021 


DP021 


DP021 


DP021 


DP021 


DP021 


DP0  21 


DP0  21 


DI0  21 


DP  021 


Fr^iceg 

Spool/E^l 


.aS£EHDIX.-  -C 

TONSION  mm 

All  of  tJic  tension  data  generated  during  this  program 
are  listed  in  this  section.  These  data  are  samraarised  and 
presented  in  both  tabul2ur  and  graphical  form  in  Section  4. 
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Remarks 
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APPENDIX  D 
CC»a>R£SS10N  DATA 


All  of  the  compression  data  generated  during  this  pro- 
gram are  presented  in  this  section.  They  are  summarized  in 
tabular  and  graphical  form  in  Section  4. 
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E31-29  0**  450  112.7  17.27 70.9  0.0068 

Avg. 137.4  17.92 105.2  0.0081 

itd.Dev.  28.0  0.81  33.3  0.0020 


Test:  Fit 
Materials 

ixure 
! SP313 

L/0  Ratio: 

Specimen 

Number 

Fiber 

Orien- 

tation 

Test 

Tan^. 

(®F) 

Ultimate 

Strength 

(lO^psi) 

Modulus  of 
Elasticity 
(lOfipsi) 

A46-1 

0« 

-67 

197.0 

17,34 

A46-5 

0® 

-67 

177.1 

17.10 

A46-12 

0® 

-67 

156.4 

17.56 

A46-i4 

0® 

-67 

209.8 

18.45 

A46-21 

0® 

-67 

209.5 

17.69 

Avg. 

190.0 

17.63 

Std.Dev. 

23.0 

0.52 

A46-4 

0® 

72 

176.8 

17.47 

A46-7 

0® 

72 

176.7 

16.88 

A46-17 

0® 

72 

192.4 

17.60 

A46-18 

0® 

72 

233.3 

18.94 

A46~30 

0® 

72 

224.3 

17.95 

Avg. 

200.7 

17.77 

Std.Dev. 

26.6 

0.76 

A46-6 

0® 

260 

136.9 

17.85 

A46‘  13 

0® 

260 

113.8 

17.51 

A46-15 

0® 

260 

147.9 

17.40 

A46-19 

0® 

260 

159.6 

17.70 

A46-26 

0® 

260 

120.1 

16.18 

Avg. 

135.7 

17.33 

Std . Dev , 

19.0 

0.65 

A46-10 

0® 

350 

96.2 

15.78 

A46-16 

0® 

350 

117,9 

17,24 

A46-20 

9® 

350 

87.0 

15.64 

A46-24 

Q® 

350 

89.7 

16.33  ’ 

A4G-25 

0® 

350 

91.  3 

16.44 

Avg. 

96.4 

16.29 

Std.Dev. 

12.5 

0.63 

Remarks 


Test;  Fiexiare 


Materials;  SP313 


Fiber  Test 
□peciiaen  Orien-  Ten^ . 
Nuaber  tation  {*F) 


A34-1  90° 


A34-5 


A34-12 


A34-14 


A34-21 


Avg. 


Std.Dev. 


L/D  Ratio 


1 

1 Ultimate 
Strength 
(lO^psi) 

i Modulus  of 
Elasticity 
(lO^psi) 

11.71 

1.54 

10.46 

1-47 

11.89 

1.43 

11.31 

1.41 

10.84 

1.43 

11.24 

1.46 

0 60 

0.05 

1 

11.34 

1.30 

11.34 

1.39 

9.47 

1.37 

10.65 

1.32 

10.51 

1.44 

10.66 

1.36 

0.77 

0.06 

Reafurks 


6.55 

1.13 

6.40 

1.13 

6.69 

1.06 

7.47 

1.24 

5.37 

1.06 

6.50 

1.12 

0.75 

0.07 

5.06 

1.01 

4.46 

0.97 

4.67 

0.89 

5.02 

0.93 

4.92 

0.97 

4.82 

0.95 

1 0.26 

0.05 

Test 


Materia 


AS/3004 


Fiber 

Specimen  Orien- 
NCTsber  tation  ! ( •?) 


C2-9 


C2-11 


C2-15 


C2-6 


Avg. 


Std.Dev. 


231.4 


232.0 


229.6 


223.6 


222.9 


227.9 


4.3 


mamm 


20.3 


19.2 


20.7 


20.3 


19.3 


20.0 


Semarks 


Cl-3 


Cl-4 


Cl-1 


Cl-2 


Cl-5 


Avg. 


Std.Dev, 


189.3 


201.5 


190.5 


199.9 


6.2 


191.5 


10.1 


18.3 


19.0 


15.5 


17.9 


18.5 


17.8 


C2-8 


C2-16 


C2-12 


C2-13 


C2-7 


Avg. 


Std.Dev. 


C2-20 


C2-17 


C2-10 


C2-19 


C2-14 


Avg. 


Std.Dev. 


157.5 

19.6 

157.2 

19.4 

154.2 

19.0 

153.6 

19.8 

159.0 

20.8 

156.3 

19.7 

2.3 

0.7 

138.2 

20.8 

136,1 

19.6 

I 129.9 

19.9 

136.7 

19.7 

135.3 

19.9 

135.2 

20.0 

i 3.2 

0.5 

Test:  Flexvire 


Materials 


L/D  Ratio 


mmn 


C2-31 


C2-30 


C2-26 


C2-27 


C2-28 


Avg. 


Std.Dev. 


C2-23 


C2-22 


C2-21 


C2-23 


C2-24 


Av 


Std.Dev. 


Fiber  Test 
Orien-  Temp . 
tation  (®F) 


11.81 

1.30 

13.05 

1.28 

14.06 

1.29 

13.94 

1.34 

14.12 

1.36 

13.40 

1,31 

0.99 

0.03 

13.49 

1.22 

12.96 

1.26 

12.36 

1.31 

11.59 

1,32 

14.62 

1.30 

13.00 

1.28 

1.15 

0.04 

Reotarks 


C2-32 


C2-25 


C5-1 


C5-2 


C4-6 


Std.Dev. 


C4-4 


C4-2 


C4-1 


C4-3 


C4-5 


Avg. 


Std . Dev . 


11.86 

1.26 

12.96 

1.28 

9,38 

1.06 

10.07 

1.13 

12.36 

1.13 

11.33 

1.17 

1.53 

0.09 

10.51 

1.08 

10.34 

1.09 

8.88 

1.07 

10.13 

1.07 

10.69 

1.08 

10.11 

1.08 

0.72 

0.01 

Test:  Flexure 


Hater xals 


L/D  Ratio 


229.1 

17.59 

222.9 

18.76 

212.3 

18.20 

239.5 

18.96 

218.1 

18.71 

224.4 

18.44 

10.5 

0.55 

182.9 

18.13 

172.3 

14.62 

204.6 

17.46 

168.2 

18.84 

165.8 

17.25 

178.8 

17.26 

15.9 

1.60 

133.7 


129.  3 


123.9 


124.0 


132,0 


128.6 


.5 


17.25 


16.13 


16.17 


16.56 


17.51 


16.72 


0.63 


Taat : Fiextire 


Materials 


msmvM 


Std.Dev. 


Test 


10.31 


9.51 


10.02 


8.83 


7.74 


9.28 


1.03 


L/D  Ratio 


1.54 


1.60 


1.55 


1.37 


1.70 


1.55 


0.12 


Reisarks 


D9-41 


D48-30 


D9-40 


D9-45 


D48-36 


Avg. 


Std.Dev. 


8.31 


9.65 


8.97 


8.92 


8.56 


8.88 


0.51 


1.44 


1.45 


1.43 


1.87 


1.33 


1.50 


0.21 


D9-35 


D48-3i 


D9-28 


D48-23 


D48-42 


Av 


Std.Dev. 


4.87 

1.24 

6.08 

1.18 

4.44 

1.15 

6.20 

1.16 

5.15 

1.20 

5.34 

1.19 

0.77  i 

0.04 

Satio 


Fiber 

Specin»n  Orien- 
Nuniber  tationl  {®F) 


E9-10 


E9-12 


E9-7 


E12-8 


E12-10 


Avg. 


Std.Dev. 


E9-1 


E9-17 


E9-20 


E12-12 


E12-5 


Avg. 


Std.Dev. 


E9~13 


E12-11 


E12-6 


E12-i3 


E9-11 


Avg. 


Std.Dev. 


E9-4 


E9-14 


E9-5 


E12-4 


E12-7 


Avg. 


Std.Dev. 


0** 


0 


0 


0 


189.3 


204.6 


202.7 


215.1 


208.1 


204.0 


9.5 


137,4 


146-6 


148.4 


159.4 


147-4 


.9 


268 


188.0 

15.85 

205.3 

17.28 

196.7 

16.60 

199.6 

18.13 

214.7  i 

17.43 

200.9  1 

17.06 

9.9 

0.87 

14.97 


16.89 


16.79 


17.76 


18.06 


16.89 


1.21 


163.  3 

17.29 

178.7 

18.65 

195.8 

19.13 

182,3 

17.66 

175.2 

19.41 

179.1 

18,43 

11.8 

0.92 

16.96 


17.31 


18.76 


19.16 


19.10 


18.26 


1.04 


Remarks 


I 


Flexure 


L/D  Ratio 


Nuiober 


E9-24 


E9-34 


E9-j3 


E9-26 


B12-1 


Avg. 


Std.IJev. 


Fiber 

Orien- 

tation 

1 

1 Test 
^ Tec^. 

1 {*F) 

90  » 

-67 

90“ 

-67 

90® 

-67 

O 

O 

-67 

90® 

-67 

Ultimate 

Strength 

(lO^psi) 

Modulus  o£ 
Elasticity 
(lO^psi) 

7.91 

1.37 

8.49 

1.51 

8.87 

1.58 

10.08 

1.51 

‘11.42 

1.55 

9.36 

1.50 

1.40 

0.08 

9.04 

1.34 

7.98 

1.23 

6.78 

1.31 

6.55 

1.10 

10.25 

1.34 

8.12 

1.26 

1.55 

0.10 

4.65 


3.77 


4.57 


5.87 


5.68 


4.91 


0.87 


1.03 


1.13 


0.96 


0.98 


1.15 


1.05 


0.09 


4.02 

0.85 

4.18 

0.82 

3.95 

0.86 

3-86 

1.18 

4.70 

0.93 

4.14 

0.93 

0.33 

0.15 

Remarks 


M'PEJIlSIX  F 
INPLftHB  SHEAR  QATA 


Ail  of  the  inplane  shear  data  generated  during  this 
program  are  presented  in  this  section.  ®iese  data  are  both 
tabularly  and  graphically  summeurized  in  Section  4. 
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Test:  Inplane  Shear 


Materials! 

: SP313 

Specimen 

Number 

P‘  ber 
: Orien- 
tation 

Test 

Temp. 

I (^F) 

HI9i 

mm 

A39-3 

±45® 

-67 

A44-10 

±45® 

-67 

A47-1 

±45“ 

-67 

A50-11 

±45“ 

-67 

Av 


Std.  Dev. 


A38-4 


A39-1 


A44-2 


A47-11 


A50-3 


Avg. 


Std.  Dev. 


10,330 

0.75 

10,590 

j 0.81 

10,430 

0.76 

10,340 

0.74 

10,790 

0.86 

10,500 

0.78 

190 

0.05 

5170 

0.53 

5170 

0.53 

5480 

0.55 

6360 

0.54 

5170 

0.51 

5470 

0.53 

520 

C.Ol 

Itemarks 


Tensile 


Tensile  CJoi^on 


Tensile  CXnpcai 


Tensile  Coupon 


Tensile  Coupon 


Tensile  Coupon 


Tensile  Coupon 


Tensile  Coupcn 


Tensile  Ooupcm 


Tensile  Coupon 


Tensile  Coupon 


Tensile  Coupon 


Tensile  Coupcm 


Tensile  Coupon 


Tensile  Coupon 


Tensile  Coupon 


Tensile  Coupon 


Tensile  Ooupcai 


Tensile  Coupcn 


Tensile  Coupon 
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Inplane  Shear 


yFiMitrxH 


SP313 


Fiber 

Specimen  Orien- 
Number  tation 


A40-1A 


A40-1B 


Avg. 


Ultimate 

Strength 

(psi) 

Inplane 

Shear 

Modulvts 

(lO^psi) 

15,110 

4.76 

15,400 

6.06 

15,260 

5.41 

3220 


3130 


2910 


2980 


2850 


340 


0.75 


1.33 


0.98 


0.85 


1.18 


0.74 


0.97 


0.24 


8360 

0.82 

8410 

1.04 

8580 

0.78 

8670 

0.89 

9230 

0.94 

9140 

0.76 

8730 

0.87 

370 

0,11 

6700 

0.85 

6800 

0.65 

6850 

0.78 

6610 

0.70 

6480 

0.63 

6440 

0.73 

6650 

0,72 

Remarks 


Ebl.  Bail 


Cbl.  Rail  Shear 


Cbl.  Rail 


Ebl.  Rail 


Dbl.  Rail 


Ebl.  Rail 


Ebl.  Rail  S 


Ebl.  Rail 


Ebl.  Rail 


Ebl.  Rail  s; 


Ebl.  Rail 


Ebl.  Rail 


Dbl.  Rail  She 


Ebl.  Rail 


Dbl.  Rail  S: 


Dbl,  Rail 


Dbl.  Ra.1.1 


Dbl.  Fail 


Dbl.  Rail  s: 


Ebl.  Bail 


Test:  Inplane  Shear 


Materials 

SP313 

Specimen 

Number 

Fiber 

Orien- 

tation 

Test 

Tea^. 

(®F) 

A12-2A 

o 

0 

350 

A12-2B 

0 

o 

a\ 

350 

A13-3A 

o 

o 

350 

A13-3B 

90® 

350 

A14-2A 

90® 

350 

A14-2B 

90® 

350 

5160 


5040 


5150 


Xnplane 

Shear 

Modulus 

(106psi) 


0.56 


0.61 


0.54 


Av 


Std.  Dev. 


A4 3-lA 


A4 3“ IB 


A43-2A 


A4  3--2B 


A43-3A 


A43-3B 


A43-4A 


A43-4B 


Avq. 


Std.  Dev. 


0®/90° 


0^/90® 


0®/90“ 


0®/90® 


o^/go" 


0"/90® 


0“/90® 


0°/90’> 


5610 

0.62 

5240 

0.58 

250 

0.04  1 

1 1 

11,860 

I 0.75 

11,640 

0.89 

11,750 

0.74 

12,090 

0.83 

11,520 

0.77 

11,950 

0.68 

11,570 

0.65 

12,030 

0.89 

11,800 

0.78 

330 

0.09 

Kemarks 


Ebl.  Rail  S 


Dbl.  Rail 


Dbl.  Rail 


Ebl.  Rail 


Efcl.  Rail 


Dbl.  Rail  s: 


Ebl.  Rail  S 


Ebl.  Rail 


Ebl.  Rail 


Dbl.  Rail 


Ibl.  Rail  S: 


Ebl.  Rail  s: 


Ebl.  Rail  s; 


Ebl.  Rail 
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Test : Inplane  Shear 


Materials:  as/3004 


Specin^n 

Niunber 


C23-1 


C22-7 


C21-6 


C23-6 


C24-4 


Fiber  Test  Dltimate 
Orien-  Ten^).  Strength 
tation  (®P)  <psi) 


C20-8 


C19-6 

C19-8 

C21-7 

C20-4 

Avg. 

Std.  Dev 


Std.  Dev. 


±45® 


±45® 


±45® 


±45® 


±45® 


+ 45® 

180 

±45° 

180 

+ 45° 

180 

±45° 

180 

+ 45® 

180 

C24-6 

±45°  250 

C19+1 

±45°  250 

C19-7 

±45°  250 

C23-3 

±45°  250 

C21-2 

±45®  250 

Avg. 

20,980 


21,560 


21,060 


21,420 


12,550 


14,650 

14,110 

15,020 

13,080 

13,880 

1,040 

; 11,770 
j 12,070 
11,890 
12,570 
12,450 
12,150 
350 


0.55 


0.59 


0.54 


19,030 

0.53 

20,810 

0.55 

990 

0.03 

16,530 

0.63  ! 

14,980 

0.54 

15,550 

0.56 

15,330 

0.53 

17,440 

0.52 

15,970 

0.56 

1,000 

0,04 

0.50 


0.55 


0,50 


0.53 


0.54 


0.52 


0.02 


0.49 


0.50 


0.53 


0.57 


0.69 


0.56 


0.08 


ile  Oocpai 


ile  CSoupcn 


ile  CJoupon 


ile  Coupon 


Tensile  Ooijpon 


Tensile  Coqpon 


T^isile  Qcxspcsn 


Itensile  Ooiipcn 


Tensile  Qxipoa 


Tensile  Coi^pon 


Toisile  OcxJ^icn 


Tensile  Coition 


Tensile  Ooupcai 


Tensile  Coupon 


Tensile  Ooi^xxi 


Tensile  Coupon 


Tensile  Coupon 
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Test:  Inplane  Shear 
Materials:  AS/4397 


Specimen 

Number 

Fiber 

Orien- 

tation 

1 

! 

Test 

Ten5>. 

(®P) 

D27-X0 

±45® 

-67 

D29-1 

±45® 

-67 

D28-7 

±45® 

-67 

D29-9 

±45® 

-67 

D30-3 

±45® 

-67 

D30-4 


D29-8 


D29-2 


D27-3 


D28-8 


Avg. 


Std.  Dev 


8700 


8330 


8250 


8170 


8290 


8350 


210 


Inplane 

Shear 

Itodulus 

(lO^psi) 


9570 

0.85 

9640 

— 

9390 

0.82 

9900 

0.86 

9642 

0.77 

9630 

0.83 

190 

0.04 

9460 

0.77  1 

9320 

0.76 

9100 

0.77 

9320 

0.81 

9600 

0.77 

9360 

0.77 

190 

0.02 

8490 

0.56 

8470 

0.61 

8480 

0.51 

8470 

0.51 

7630 

0.61 

8310 

0.56 

380 

0.05 

0.58 


0.57 


0.45 


0.54 


0.07 


Test;  Inplane  Shear 
Materials;  T300/F178 


Fiber 
Specimen  Orien 
Number  tatio) 


E42-5 


A39-1 


E40-3 


E36-2 


E35-4 


Avg. 


Std.  Dev. 


E35-3 


E29-7 


E40“2 


E36-1 


E42-6 


Avg. 


Std.  Dev. 


tation  1 (“F) 


±45“ 


±45“ 


±45“ 


±45“ 


±45“ 


Test  Ultimate 
Ten^.  Strength 
(“F)  (psi) 


±45“ 


±45“ 


±45“ 


±45“ 


Nemarks 


7150 

0.65 

7940 

0.80 

8570 

0.80 

7860 

0.70 

8030 

0.33 

7910 

0.76 

510 

0.08 

8810 

0.67 

9120 

0.69 

9050 

. 

0.77 

8240 

0.77 

7720 

0.71 

8590 

0.72 

600 

0.05 

E39-8 


E35-2 


E42-7 


E36-9 


E40-1 


Avg. 


Std.  Dev. 


+ 45“ 


±45“ 


±45“ 


±45“ 


±45 


7350 


7140 


7100 


7160 


7760 


7300 


270 


0.53 


0.53 


0.55 


0.52 


0.02 


E39-9 


E35-1 


E42-2 


E36-6 


E40-10 


Avg. 


Std.  Dev. 


±45“ 


±45“ 


±45“ 


±45“ 


±45“ 


6030 


6360 


5990 


6090 


180 


0.42 


0.41 


0.44 


0.44 


0. 37 


0.41 


0.03 
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APPENDIX  G 

IKTERIAMINAR  SHEAR  DATA 

All  of  the  interlaminar  shear  data  generated  during 
this  program  are  tabulated  in  this  appendix.  Tabular  summaries 
of  these  data  appear  in  Section  4. 
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Testj  Interlamnar  (Short-Beam 


Materials : SP  3 1 3 


Specimen 

N\Kaber 


A35-5 


A35~9 


A35-12 


A35-37 


A35-47 


Avg. 


Std.Dev. 


ear 


L/D  Ratio 


A35-15 


A35-18 


A35-20 


A35-28 


A35-41 


Avg. 


Std.Dev. 


A35-1 


A35-6 


A35-35 


A35--39 


A35-46 


Avg. 


Std.Dev. 


8. 

,39 

8, 

.86 

8. 

,53 

8. 

,93 

9. 

.11 

8. 

,76 

0. 

,30 

7.29 


6.98 


7.44 


7.21 


6.99 


7,18 


0.19 


s 


¥ 


Tests  Interlaminar  {Short-Beam)  Shear  j 

Materials:  AS/3004  h/D  Ratio:  4/i  I 

Specimen 

Number 

Test 

Tet^. 

CP) 

Ultimate 

Strength 

(lO^psi) 

Remarks 

C5-29 

-67 

13.93 

C5-8 

-67 

11.91 

C5-9 

-67 

13.36 

C5-11 

-67 

14.54 

C5-35 

-67 

14.09 

C38-5 

-67 

15.23 

C38-14 

-67 

15.30 

C38-15 

-67 

13.94 

C38-16 

-67 

14.13 

Avg. 

14.05 

Std.Dev, 

1.02 

Cl-6 

f- 

72 

10.97 

Cl-11 

72 

12.47 

Cl-8 

72 

12.74 

Cl- 10 

72 

11.31 

Cl-12 

72 

13.26 

C5-4 

72 

10.15 

C5-14 

72 

10.69 

C38-5-3 

72 

11.08 

C38-5-12 

72 

11.54 

Avg. 

11.58 

Std.Dev. 

1.03 
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Test:  Interiaiainar  {Short-Seam}  Shear 


Materials j AS/3004  L/D  Ratio: 


Materials:  AS/3004 

Specia^n 

Number 

Test 
i Temp. 

(OJ.) 

C5-26 

180 

C5-12 

i 180 

C5-24 

180 

C5-19 

180 

C5-17 

180 

C38-5-9 

180 

C38-5-4 

180 

C38-5-6 

180 

C38-5-8 

180 

Avg. 


Std.Dev. 


Cl-7 


Cl-9 


C5-5 


C5-27 


C5-7 


C38-5-7 


C38-5-10 


Avg. 


Std.Dev. 


9.41 


9.62 


9.05 


9.12 


8.41 


9.92 


10.02 


9.19 


9.35 


9.69 


9.38 


0.47 


8,72 


9.55 


8.15 


7.92 


8.35 


8.35 


8.09 


8.45 


0.55 


Reatarks 


Materials:  2^/4397 


Specimen 

Ntixiiber 


D9-20 


D9-35 


D9-39 


D9-1 


D9-12 


Avg. 


Std.Dev. 


Test 

Teap. 

{“?) 


10.77 


15.91 


18.96 


16.32 


11.71 


14.73 


3.41 


ar 


I./D  Ratio: 


Beioarks 


D9-38 


D9-30 


D9-41 


D9-13 


D9-2 


Avg. 


Std.Dev. 


14.87 


12.86 


15.14 


10.96 


14.27 


13.62 


1.73 


D9-40 


D9-21 


D9-27 


D9-7 


D9-11 


Avg. 


Std.Dev. 


11.47 


9. 


10.59 


8.71 


9.79 


1.18 


D9-6 

450 

7,24 

D9-45 

450 

6.56 

D9-2  3 

450 

5.44 

D9-17 

450 

5.13 

D9-26 

450 

6.67 

Avg. 

6.21 

Std.Dev. 

0.89 

Test 


Specimen 

Kun^r 


E9-5 


E9“12 


E9-17 


E9-i4 


E9-21 


Avg. 


Std.Dev. 


E9-3 


E9-*13 


E9-16 


£9-4 


E9-15 


Avg. 


Std.Dev. 


nar  {Short-Beaai)  Shear 


T300/F178 


Ultimate 

Strength 

(lO^psi) 


15.12 


15.12 


17-69 


16.86 


14.82 


15.92 


1.28 


14.10 


14.06 


15-42 


16.08 


14.44 


14.82 


0.89 


L/D  Batioj 


Hemarks 


E9-19 


E9-6 


E9-7 


E9-18 


E9-9 


Avg. 


Std.Dev. 


10.58 


10.35 


10.13 


9.96 


9.86 


10.17 


0.29 


E9-1 

450 

8.10 

E9-10 

450 

7.38 

E9-11 

450 

8.19 

E9-2 

450 

8.07 

E9-20 

450 

6.26 

Avg. 

8.00 

Std.Dev- 

0.36 

rATmUiS  UATA 


All  of  the  tensile  fatigue  data  generated  during  the  pro- 
gram, along  with  residual  strengths  of  specimens  vdiich  "ran  out" 
to  10^  cycles  are  presented  here.  The  residual  strengths  were 
all  determined  with  a tensile  test  at  72 regardless  of  what 
temperature  the  specimen  saw  during  the  fatigue  test.  Summaries 
of  these  data  are  presented  in  Section  4 where  the  fatigue  life- 
tiicies  are  reported  as  log-mean  values. 
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Cl>9  0° 72  150.3  15.0  80 300 

C13“ll  0° 72  150.3  15.0  80 2,100 

C7-4  0° 72  150.3  15.0  80 20,700 

C9-3  0*  72  150.3  15.0  ~§6  8t,906 
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APPENDIX  I 

CREEP  AND  STRESS  RUPTURE  DATA 

All  of  the  tensile  creep  data  generated  during  this  pro- 
gram, along  with  residual  strengths  of  specimens  which  ”ran  out" 
to  500  hours  are  presented  in  this  section.  The  residual  strengths 
were  all  determined  with  a 72 ®P  tensile  test  regardless  of  what 
temperature  the  specimen  saw  during  the  creep  test. 

The  stress  rupture  data  were  also  obtained  from  these  same 
specimens  with  the  characteristic  of  interest  being  tiiast  to  frac- 
ture rather  than  elongation. 

Siimmaries  of  these  data  are  presented  in  Section  4 in  both 
tabular  and  graphical  form. 

In  the  succeeding  tables  the  specimen  numbering  system  can 
be  used  to  identify  the  material  being  tested.  The  letter, 
appearing  first,  in  the  specimen  numbering  code  indicates  the 
material,  as  follows; 

A - SP313 
C - AS/3004 
D - AS/4397 
E - T300/F178. 


321 


SP313 


SP313 


SP3I3 


J 


SI>3X3 


SP313 


AS/3004 


Xe«t;  Creeo 

Orient:  C“ 

Spec.  No:  Cll-3 

Temp;  R.T. 

Stress:  150.3  Jcsi  80,  t uLt. 

m 

uSSn 

Accum. 
Strain 
(Min/ in) 

Remark* 

0 

7622 

0.016 

7633 

iff 

7636 

mmm 

mmm 

1 

KSfSi 

2 

7640 

.3 

7654 

4 

mmm 

5 

6 

7667 

7 

7668 

8 

7672 

24 

7672 

48 

7633 

72 

7657 

144 

7758 

192 

7737 

240 

7756 

312 

7768 

360 

7750 

tmm 

7743 

ESEH 

7803 

— 

j^mniiiii 

Si 

BHHB 

Resid 

Str. 

Recovery 

IM 

218 

Bn 

mimiQiiiii 

2 

203 

3 

210 

Teat:  Creep 

Orient:  0 * 

Spec.  No:  C9-2 

Temp:  R.T. 

Stress:  150.3  ksi  80%  ult. 

Slap. 

Time 

(hr*.) 

Accum. 
Strain 
(ft  ia/in) 

Remarks 

0 

7465 

0.016 

7471 

mmmmm 

0,1 

7476 

0.25 

CKHI 

KRm 

m 

7488 

2 

7484 

3 

7484 

25 

mBmjM 

mm 

mtmmk 

120 

7468 

168 

7501 

216 

7505 

288 

7496 

336 

7505 

384 

456 

504 

7468 

Resid 

Str. 

R ecovery 

0 

38 

1 

38 

2 

39 

3 

20 

Test:  Creep 

Orient:  0* 

Spec.  No:  C12-7 

Temp:  R.T. 

Stre8Sl50.3  ksi  80  % ult. 

Elap. 

Time 

(hr*.) 

Accum. 

Strain 

(ftis/in) 

Remark* 

0 

8684 

0.016 

8692 

mm 

8719 

1 

2 

8734 

72 

8745 

m 

wmm 

mm 

Kn9Hi 

240 

3803 

288 

8787 

8799 

!!Sm 

3810 

456 

8793 

594 

8782 

Resid. 

Str. 

189.0  ksi 

Recovery 

1— 

370 

■B 

361 

2 

359 

3 

360 

AS/3004 


AS/3004 


0 


AS/3004 


A5/3004 


AS/3004 


AS/3004 


Orittat:  

Spec.  No;_  C41-1 
T«ma:  R.T. 

“it. 


ilUp. 

Time 


CriMtp  .,  ■ 

Orient:  >45* 

Spec.  No:  C41-5 


Stasaai  a.q.,  “it.  . }ad^»  “it. 


264 

10 , 376 

336 

10,429 

384 

10,575 

2 

4619 

3.25 

4574 

■4 

12.153 

5 

12.263 

6 

12,369 



mm 

mm 

1 72  1 

BtBBH 

mm 

1 L3.923 

Bn 

14,374! 

264 

14,508  i 

336 

14,618 

394 

14,799  ^ 

AS/ 3004 


AS/ 3004 


Continued  on  next  page 


ontinued  on  next  page  Continued  on  next  page 


367 


AS/3004 


AS/4397 


AS/4397 


384 


385 


AS/4397 


AS/4397 


AS/4397 


AS/4397 


396 


397 


409 


T300/F178 


T««t:  Crests 

Orient;  ±4  5® 

Spec.  No;  E36-10 

Temp:  ST 

Stress:  1^.02ksi  70  t ult. 

£lap. 

Time 

(hra.) 

Accum. 
Strain 
{Min/ in) 

Remarks 

0 

4513 

0.016 

4759 

0.1 

4987 

0.23 

5085 

0.5 

■'Si'ti 

1 

5282 

2 

5400 

3.3 

5480 

4 

5521 

5 

5560 

6 

5589 

7.5 

5629 

24 

5840 

96.7 

6433 

120 

6508 

169.3 

6558 

293 

6659 

312 

6696 

360 

6755 

432 

6841 

457.5 

6877 

4S0 

69X3 

530 

7044 

597 

7170 

Res  id 

. Str. 

19.71  ksi 

Recovery 

0 

2790 

1.7 

2035 

2.7 

1984 

3 

1982 

Teat:  Creao 

Orient:  ±45* 

St>«c.  No:  E39*^4 

Temp;  8T 

Stxeda:^>*J2ksi  704  uLt. 

£Up. 

Time 

(hrs.) 

Accum. 
Strain 
(Min/ in) 

Remarks 

0 

4833 

0.016 

5017 

0.1 

5269 

0.2$ 

5381 

ITS 

5491 

1 

5626 

2 

5771 

3.3 

5382 

4 

5932 

5 

5932 

6 

6023 

7.5 

6071 

24 

6327 

96.7 

7010 

120 

7093 

169.3 

7147 

293 

7254 

312 

7289 

360 

7350 

432 

7435 

457.5 

7474 

480 

7515 

530 

7647 

597 

7775 

Real 

1.  Str. 

18.94  ksi 

Recovery 

0 

3140 

1.7 

2412 

2,7 

2371 

3 

2359 

Test:  Creep 

Orient:  ±45* 

Spec.  No:  E37-4 

Temp:  ST 

Stress  12. 021«i  70  % ult. 

Elap. 

Time 

(hrs.) 

Accum. 
Strain 
(Mia/ in) 

Remarks 

0 

4627 

0.016 

5896 

0.1 

6108 

0.25 

6336 

(S.s  ' 

1 

670? 

2A 

3 

6912 

4 

6993 

5 

7068 

6.1 

7126 

8 

7211 

23.3 

Failure 

Recovery 

417 


APPENDIX  J 

THERMAL  EXPANSION  DATA 


All  o£  the  thensal  expansion  data  generated  during  this 
program  are  presented  in  this  appendix.  In  addition,  a typical 
thermal  es^ansion  curve  is  included  at  the  end  of  the  section. 
These  data  are  suimnarized  in  Section  4. 
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mmm!mmmmm~ 


Test 


Materxa 


Fiber 

Specimeri  Orien- 
Nuaiber  tation 


C30-4 


C30-4 


C30-5 


C30-5 


C30-6 


C30-6 


ansion 


Coeff.  Therm. 

Expansion 

(10~<^in/in-®P) 


Remarks 


C30-1 

90° 

-70-^60 

16.4 

C30-1 

90° 

“-65-^70 

15.9 

C30-1 

90° 

80-»'275 

16.2 

C30-2 

20° 

17.7 

C30“2 

90° 

75-»«275 

16.7 

C30-3 

90° 

18.1 

C30-3 

90° 

75->275 

18.0 

D60-3 


D60-3 


D60-3 

D60-3 

D44-4 


"30-^43 


72-fl20 


■ 285>400| 
±45”  400-^485 

e°  74-V270 


4.04 
5.16 
=*  0 
42r 


Tftst 


. 


E33-1 


E33-1 


E33-I 


E33-1 


Fiber 

Orien- 

tation 


90® 


90“ 


90“ 


90® 


Coeff.  Them. 

Expansion 

{10~6in/in-®P) 


2 17.7 


79H-143  16.8 


52-^345  24.0 


318->475  22.2 


Remarks 


E33-2 

90® 

E33-2 

90® 

77-*-143 


96-^-345 


18-^475 


16.9 


16.9 


24.4 


24.1 


E33-3 


E33-3 


E33-3 


E33-3 


E33-3 


E33-3 


85-^147 


96^350 

24.5 

01-+363 

22.7 

41-+475 

25.5 

E47-1 


E47-1 


E47-1 


E47-1 


81h-47 


77-*-29 


10->-387 


2.25 


1.47 


1.80 


2.10 


-2 


E47-2 


E47-2 


+ 45 


±45° 


+ 45° 


86-».209 


09-.-386 


2.18 


1.90 


1.70 


1,93 


E47-3 

±45“ 

E47-3 

+45® 

E47-3 

+45“ 

77-^372 


96^475 


2.02 


1.86 


1.55 


423 


THERMAL  EXPANSION 


APPENDIX  K 
SPECIFIC  HEAT  DATA 

All  Of  the  specific  heat  data  generated  during  this 
program  are  presented  in  this  section.  A typical  set  of 
differential  scanning  calorimeter  (DSC)  traces#  from  which 
specific  heat  is  determinedi  is  included  at  the  end  of  this 
section. 
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Materia 


Specimen 

Mumber 


W3004 


Specific 

Heat 

(Btu/lb-«P) 


0.18 


0.18 


0.19 


0.19 


0.20 


0.21 


0.21 


0.22 


0.22 


0.23 


0.23 


0.24 


BexoarJcs 


All  values  on  this  page 


determined  using  a Differential 


Scanning  Calorimeter  technigue 


with  sapphire  (AI2O3)  as  a 


reference. 


C3A 

50 

0.17 

C3A 

68 

0.18 

C3A 

86 

0.18 

C3A 

104 

0.19 

C3A 

122 

0.19 

C3A 

140 

0.20 

C3A 

158 

0.20 

C3A 

176 

0.20 

C3A 

194 

0.21 

C3A 

212 

0.21 

C3A 

230 

0.21 

C3A 

243 

0.22 

.-m 


Test:  Specific  Eteat 


Materials:  AS/3004 


Specimen 

Number 


Specific 

Beat 

(Btu/lb-*F} 


0.18 


0.18 


0^19 


0.19 


0.20 


0.21 


0.21 


0.22 


0.22 


0.22 


0.23 


0.23 


Eenmrks 


11  values  on  this  page 


etermined  using  a Differentia; 


canning  Calorimeter  technique 


»ith  sapphire  (AI2O3)  as  a 


eference 


C3B 

50 

0.18 

C3B 

68 

0.19 

C3B 

86 

0.19 

C3B 

104 

0.20 

C3B 

122 

0.20 

C3B 

140 

0.21 

C3B 

158 

0 .22 

C3B 

176 

0.22 

C3B 

294 

0.22 

C3B 

212 

0.23 

C3B 

2 30 

0.23 

C3B 

248 

0.24 

m 


Test:  Specific  Heat 


4397  & T300/P178 


specimen 

Nuad^er 


AS/4397 


(*F) 


raphite/P 


Specific 

^at 

(Btu/lb-^P) 


0.142 


0-192 


0.309 


0.333 


Remarks 


All  values  on  this  pace 


determined  usinq  a 


Differential  Scanning 


Calorimeter  technique  with 


sapphire  {AI2O3)  as  a refer- 


ence. 


T300/F178  Braphite/P 


El 

-67 

0.136 

El 

72 

0.190 

El 

350 

0.298 

El 

450 

0.313 

t. 
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APPSHSIX  L 

YHEfiKAL  C0KljtK:TiVI$5r  D&TA 

All  of  t!i@  thexibiii  coiidiictitritif  aieditiirei^ti^  :dia^  dimring 
this  program  are  tabulated  iii  this  section.  Stai&ties  of  these 
data  are  pxresented  in  Sectioii  4. 


C,i, 


Speciiaen 

Hun^r 


A60-1 


A60-i 


A6Q-1 


A60-1 


A60-1 


A60-1 


A60-1 


A60-1 


A60-1 


A60-1 


A60-1 


A60-1 


Aeo-i 


A60-1 


A60-1 


A60-1 


A60-2 


A60-2 


A60-2 


A60-2 


A60-2 


A60-2 


A60-2 


A60-2 


A60-2 


A60-2 


ermal  Conductxvxt 


P313 


Fiber 

Orien- 

tation 


0“  -132 


-132 


-119 


-102 


Thermal 
Conductivity 
Btu-f t/f t^-hr-^FJ 


0.195 


0.199 


0.214 


0.196 


0.241 


0.321 


0.272 


0.281 


0.316 


0.288 


0.360 


0.308 


0.309 


0.323 


0.323 


0.369 


Remarks 


-97 

0.184 

-94 

0.264 

131 

0.375 

205 

0.354 

217 

0.377 

230 

0.354 

243 

0.365 

295 

0.363 

351 

0.425 

381 

0.426 

' Jm 

. I 

* ■-  fi 


► .' « 

■ m 


Test 


Speciiaen 

Number 


C33-1 


C33-1 


C33--1 


C33-1 


C33-1 


C33-1 


C33~l 


C33-1 


C33-1 


C33-1 


C33-1 


Thermal  Conductxvif 


AS/ 30 04 


Temp 

{'•F) 

Thermal 

Conductivity 

{Btu-ft/ft2-hr-“F) 

-162 

0.186 

56 

0.277 

80 

0.259 

91 

0,330 

177 

0.123 

228 

0.344 

237 

0.349 

289 

0. 336 

311 

0.225 

364 

0.343 

378 

0.331 

Remarks 


-111 

0.298 

-36 

0.301 

-36 

0.291 

12 

0.313 

68 

0.336 

113 

0.363 

257 

. .. 

0.412 

324  ' 

0.339 

C40-1 

±45® 

-40 

0.231 

C40-1 

±45® 

111 

0.255 

C40-1 

±45° 

•■.89 

0.305 

C40-1 

±45® 

255 

0.280 

C40-i 

±45® 

325 

0.286 

onductiv 


Specimen 

Number 


D49-1 


D49-1 


D49-1 


D49-1 


D49-1 


D49-1 


D49-1 


D49-1 


D49-1 


D49-1 


D49-1 


D49-1 


D49-1 


D49-1 


D49-1 


D49-1 


D49-1 


D49-1 


D49-1 


D49-1 


D49-1 


D59-1 


D59-1 


D59-1 


D59-1 


D59-1 


D59-1 


Fiber 

Orien- 

tation 


±45“ 


±45“ 


±45“ 


±45“ 


±45“ 


±45“ 


Graphite/Polvimide 


Thermal 

Conductivity 

{Btu-ft/ft2-hr-*F)  Remarks 


-29 

0.367 

32 

0.328 

61 

0.404 

90 

0.347 

109 

0.424 

137 

0.418 

161 

0.441 

174 

0.418 

189 

0.418 

205 

0.421 

225 

0.406 

246 

0.429 

271 

0.394 

318 

0.475 

322 

0.449 

342 

0.491 

342 

0.5  32 

367 

0.460 

388 

0.469 

40S 

0.471 

433 

0.490 

158 

0.357 

160 

0.357 

180 

0.324 

203 

0.383 

234 

0.361 

255  1 

0.342 

279  ! 

0.387 

APPENDIX  M 

GLASS-TRANSITION  TEMPERATURE  DATA 


v!  ’> 

W''  1 

A’'  - 


\ 


The  glass-transition  temperatures  determined  for  the 
materials  characterized  during  this  program  are  presented 
here  along  with  a typical  thermo-mechanical  analyzer  (TMA) 
trace,  from  which  Tg*s  are  determined. 


Composite 

TgC^P) 

Material 

Dry  

Wet 

SP313 

None  observed 
from  -67**F  to 
450®P 

250 

AS/3004 

417 

379 

AS/4397 

472 

264 

T300/F178 

None  observed 
up  to  450 ®F 

246 

APPENDIX  N 

HOMIDITY  AGED  TENSION  DATA 

All  of  the  tensile  data  generated  during  this  program  on 
speciioens  which  had  been  humidity  aged  at  160®F  and  100%  R.H, 
are  presented  in  this  section.  Sunmiaries  of  th^e  data;  i^e 
tabulated  and  plotted  in  the  form  of  stress-^tr^in  curves  in 
Section  4.  No  +45®  tensile  tests  after  humidity  aging  were 
conducted  on  the  T300/F178  material.  Only  , twerature 

tests  were  run  on  saturated  AS/4397  ^terial  in  tdie; +45*  con- 
figxiration. 
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Surface  plies  cracked  prior  to  failure,  breaking  the  strain  gages 


■ - ; - ^ appendix  ^ ' ■ - ' 

ffCMXDiTY  AGED  mpunm  simm  m'ih 

Ail  of  the  inplaiie  shear  data  generated  dmring  this  pro- 
gram on  specimens  which  had  been  humidity  a^d  at  160  ®P  and 
100%  R.H.  are  presented  in  thrs  section.  Ail  'oty'.i^e.  data  were 
obtained  using  the  +45®  tensile  coupon  {Sec.  3.5.4).  Summary 
tables  and  stress-strain  curves  of  these  data  are  presented  in 
Section  4.  No  inplane  shear  tests  after  humidity  aging  were 
run  on  the  T300/F178  material  and  only  room  ten^rature  tests 
on  saturated  AS/4397  laaterial  were  run. 
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. — ■ 1,. 

Test:  Inplane  Shear  After  Environmental  Aging  at  160 ®P  and 

1 100%  R.H.  — 

Mat-erialsr  SP313  

Spec. 

No. 

Fiber 
Orien - 

Test 

Temp. 

(“F) 

Ult. 

Stregth. 

(ksi) 

..Ihplane 
Shear 
Modulus 
(10^  psi) 

Ult. 

Strain 

(in/in) 

Exposure 

Time 

(hrs) 

Weight 

Gain 

{%) 

±.45® 

72 

10.70 

0.72 

48 

0.78 

Lg%*t.v.—g — i 
>10  .0 

72 

10.68 

0.81 

- 

48 

0.81 

' A. 

^ ^ - 

+ 45“ 

72 

10.65 

0.76 

- 

48 

0.84 

a'i2-10 

^ ^ 

+ 450 

72 

11.04 

0.68 

- 

48 

0.80 

A .s.tcL 

— 4 

±45“ 

72 

11.00 

- 

- 

48 

J\SL£:Ui — 

^ “«_■*> 1 

10 . 81 

0.74 

” 

. 0 • 0 X 

1.  j 

G+-H 

0.19 

0.05 

0.02 

] 

- 

550 

7.33 

0.55 

48 

0.84 

ft  S nT"™ — 

4-  A KO 

^ ^ — 

2fi0 

6 .64 

0.55 

- 

48 

0.84 

A5i4,^ — 

X m *5 

^ D W_  ^ 
260 

7.55 

0.48 

- 

48 

0.73 

■ J — 

•A  r Q 

^|  o ~ 

2£Q 

7.95 

0.59 

- 

48 

0.82 

’hC.'i  *7 

+ 45“ 

260 

7.27 

- 

48 

0.B4 

7.35 

0.55 

L__i — 

0.81 

.Ji  ■11  ■ 

r 

0.48 

0.05 

- 

0,05 

l\  /t  0.0 

+ 45“ 

72 

10.45 

0.79 

- 

1512 

~T761 

-ij— jf-jr— — 1 

Ji‘kQT.Q^ 

as;2-.Q 

I 

+ 45* 

72 

10.90 

0.74 

- 

1512 

1 * 56 

— T~^' e~Z 

A t;  il 0 

+ 45“ 

72 

10.65 

0.69 

- 

1512 

it;  1^  — 9 

± 45* 

72 

10.70 

0.74 

- 

1512 

— — « — trT““"i 

+ 45® 

72 

10.55 

0.77 

- 

1512 

X « •J  X 

10.55 

0-75 

— 

1.55 

— -Asty — 



0.13 

0.05 

— 

0.04 

t sra  Lfg 

.1 

__ 

+ 45“ 

260 

6.35 

0.42 

- 

1536 

1 . 56 

1 — 

+ Ag;g 

260 

6.70 

0.51 

1536 

1.64 

^ i^L-L 

.?V55-.7— 

+ 45° 

2iia 

._6,45.  .. 

0.^2 

— 

1536 

1 *;36 

1 • 6 2 
1755 

APPENDIX  P 

HUMIDITY  AGED  INTERLAMINAR  SHEAR  DATA 


All  of  the  interlaminar  shear  data  generated  during  this 
program  on  specimens  which  had  been  humidity  aged  at  160 ®F  and 
100%  R.H.  are  presented  in  this  section.  These  data  are  sum- 
marized in  Section  4. 
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Test:  Interlaminar  (Short-Beam)  Shear  After  Environmental 
Aging  at  160®F  and  100%  R.H. 


Materials 


Specimen 

Number 


Test 

Temp. 

CP) 


Ultimate 

Strength 

(psi) 


L/D  Ratio 


A35-27 

260 

A35-34 

260 

A35-26 

260 

A35-38 

260 

A35-42 

260 

1870 


1870 


1870 


1870 


1870 


1.41  Saturated 


1.23  Saturated 


1.54  Saturated 


1.45  Saturated 


1.48  Saturated 


1.30  Saturated 


1.53  Saturated 


1.53  Saturated 


1.59  1 Saturated 


1.681  Saturated 
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Test; 


Interlaminar  (Short-Beam)  Shear  After  Environmental 
Aging  at  160®F  and  100%  R.H. 


ilsi  AS/3004  L/D  Ratio 


Remarks 


Materials: 

AS/3004 

! ■■  • 

1 Specimen 
Number 

Test 

Temp. 

CF) 

Dltiiaate 

Strength 

(psi) 

C5-3 


C5-10 


Av 


std  Dev 


8,800 


870 


C5~25 


C5-22 


C5-31 


C5-38 


C5-28 


Av 


Std  Dev 


6,300 


7,400 


6,550 


7,610 


7,430 


7,060 


590 


0.47  75%  Saturate 


0.92 


0.20  1 75%  Satura 


C5-33 

72 

C5-37 

72 

C5-36 

72 

C5-34 

72 

C5-16  ' 

72 

8 


9,090 


8,280 


625 

0.60 

Saturated 

625 

0.82 

Saturated 

625 

0.83 

Saturated 

625 

1.09 

Saturated 

C5-3 


C5-21 


C5-3 


C5-6 


Av 


Std  Dev 


6,070 


6.470 


7.420 


6,530 


520 


Test;  Interlaminar  {Short-Beara)  Shear  After  Environmental 
Aging  at  160*F  and  100%  R.H. 


Materials;  AS/439'?  l/d  Ratio;  4/1 


Specimen 

Number 

Test 

Temp. 

{*F) 

Ultimate 
Strength 
(psi)  ” 

Exposure 

Time 

(Hrs) 

Weight 

Gain 

(%) 

Remarks 

D9-18 

72 

13.450 

44 

0.66 

45%  Saturated 

D9-24 

72 

16,000 

44 

0.58 

45%  Saturated 

D9-29 

72 

17,930 

44 

0.67 

45%  Saturated 

D9-32 

72 

16,130 

44 

0.58 

45%  Saturated 

D9-43 

72 

18,350 

44 

0.64 

45%  Saturated 

Avg 

16,370 

0.63 

Std  Dev 

li940 

0.04 

D9-25 

350 

11,620 

44 

0.60 

45%  Saturated 

D9~33 

350 

11,120 

44 

0.68 

45%  Saturated 

D9-36 

350 

12,590 

44 

0.46 



45%  Saturated 

D9-42 

350 

12,150 

44 

0.53 

45%  Saturated 

D9-44 

350 

12,820 

44 

0.70 

45%  Saturated 

Avg 

12,060 

0.59 

Std  Dev 

700 

0.10 

D9“28 

72 

12,140 

840 

0.80 

Saturated 

D9-8 

72 

12,990 

840 

1,26 

Saturated 

D9-3 

72 

12,710 

840 

2.85 

Saturated 

D9-9 

72 

13,450 

840 

1.22 

Saturated 

D9-19 

72 

9,350 

840 

1.10 

Saturated 

Avg 

12,130 

1.45 

Std  Dev 

1,620 

0.81 

D9-37 

350 

7,290 

840 

0.99 

Saturated 

D9-10 

350 

6,830 

840 

1.25 

Saturated 

D9-3I 

350 

6,680 

840 

1.26 

Saturated 

D9-15 

350 

5,750 

840 

1.91 

Saturated 

D9-14 

350 

5,880 

840 

1 = 00 

Saturated 

Avg 

6,490 

1.28 

Std  De^f 

810 

0.37 
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Test;  Interlaminar  (Short-Beam)  Shear  After  Environmental 
Aging  at  160®F  and  100%  R.H. 

Materials i T300/F17  8 S/D  Ratio;  571 


Specimen 

Number 


E9-34 


E9-32 


E9-35 


E9“42 


Avg 


Std  Dev 


Test  Ultimate  I Exposure  Weigh 

Temp.  Strength  j Time  j Gain 

(*'F)  <psi)  " 


13,060 


12,240 


13,130 


12,880 


13,950 


13,050 


610 


21.5 


21.5 


21.5 


21.5 


21.5 


Weight 

Gain 

(%) 

i 

Remarks 

0.84 

50%  Saturated 

0 . 76 

50%  Saturated 

0.83 

50%  Saturated 

0.62 

50%  Saturated 

0.80 

50%  Saturated 

E9-43 


E9-24 


E9-37 


E9-31 


E9-39 


Avg 


Std  Dev 


7,650  j 21.5  I 0.75!  50%  Saturated 


7,430  21.5  0.72  50%  Saturated 


8,330  21.5  1.00  50%  Saturated 


8,210  21.5  0.65  50%  Saturated 


8,400  21.5  0.72  50%  Saturated 


8,000  0.77 


440  0.13 


E9-40 


E9-8 


E9-47 


Avg 


Std  Dev 


11, 

,230 

ll' 

,660 

11, 

,100 

11, 

,330 

290 

1.50  Saturated 


1.33  I Saturated 


1.33  Saturated 


1.39 


0.10 


E9-38 


E9-22 


E9-30 


Avg 


Std  Dev 


7,440 


6,940 


7,760 


7,380 


410 


Saturated 


Saturated 


1.42  Saturated 
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